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AT   THE  SI6HTEENTH  QUARTXRLT  MXBTlNO>   HELD   AT 
WAK£FISIJ>9    ON   MOliDAT,   4tH   OF  JULY,    1842. 


On  the  motion  of  Henrt  Briogs,  Esq.,  seconded  by 
Thomas  Wilson,  Esq., 

William  West,  Esq.  was  called  to  the  Chair. 

Mr.  West  said  it  would  have  been  more  agreeable  to  him 
if  some  one  else  had  been  elected  president,  but  as  he  had 
wished  weU  to  the  Society  from  its  commencement,  he  thought 
he  could  not  better  show  that  good  will  than  by  complying 
with  their  wish.  He  was  sorry  to  see  such  a  small  attendance, 
but' he  thought  the  circumstance  could  be  well  accounted  for. 
The  unfavourable  weather  had,  he  knew,  detained  some  in 
Leeds ;  and  some  had  only  just  left  a  long  and  laborious, 
though,  he  must  add,  an  interesting  meeting  of  the  British 
Association,  at  Manchester.  He  trusted,  however,  that  when 
they  next  met  it  would  be  in  greater  force.  He  hoped  that  the 
character  of  the  Papers  which  would  that  day  be  read,  would 
increase  the  number  of  the  Society's  members. 

The  following  gentlemen  were  elected  Members  of  the 
Society : — 

Rev.  Wymdham  Madobn»  M.A.,  Woodhouie,  Huddeniield. 
Rer.  C.  Aldebson,  M.A.»  Rirkheaton,  Huddeniield. 
Thomas  Vtam,  Esq^  Toothill,  Huddenfield. 
Thomas  Mason,  Esq.,  Copt  Hewick,  neur  Ripon. 
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^The  following  resolution  was  then  passed,  on  the  motion 
of  Mr.  Brakenridob,  seconded  by  Mr.  Hartop  : — 

That  the  thanks  of  the  Society  be  given  to  the  Directors  of  the 
Proprietary  School^  for  the  use  ^  their  HalL 

The  Secretary  reported  that  Mr.  Hartop  and  himself  had 
attended  the  meeting  of  the  British  Associatioa  in  Manches- 
ter, as  representatives  of  this  Society,  and  said,  that  accord- 
ing to  the  arrangements  made  at  Sheffield,  this  meeting  was 
appointed  to  be  held  on  the  Monday  succeeding  the  close  of 
the  sittings  at  Manchester,  in  the  expectation  that  some  of 
the  geologists  who  were  there  would  attend;  but  he  regretted 
to  say,  that  owing  to  the  Inatallatbn  of  the  Duke  of  North- 
umberland taking  place  this  day.  Dr.  Buckland,  who  had 
signified  his  intention  to  be  present,  had  been  obliged  to  leave 
Manchester  on  Saturday,  and  the  same  circumstance  had 
called  Professor  Sedgwick  away  at  a  still  earlier  day. 

The  Crairmak,  in  alluding  to  the  subject  of  the  meeting 
of  the  British  Association  at  Manchester,  said  that  the  next 
meeting  of  that  body  would  be  held  at  Cork,  in  Ireland. 
They  had  very  narrowly  missed  having  it  at  York,  in  accord- 
ance with  an  invitation  that  had  been  sent  from  that  city. 
He  would  take  this  opportunity  of  saying,  that  if  the  mem- 
bers of  the  Geological  Society  wished  to  have  the  meeting 
of  the  British  Association  held  in  Yorkshire  in  1844,  they 
ought  to  attend  the  meeting  in  1843,  and  give  an  invitation. 


The  foHowing  Paper  was  then  read : — 

ON  THE  RELATIVB  PROPKRTIBS  Of  IRQK^  MADB  BY  THB 
USE  OP  COLD  AND  HOT  AIR  BIrAST  IN  THB  SMELTING 
FURNACE. — BY  HENRY  HARTOP,  ESQ.,  OF  BARNBOBOUGH 
HALL,  NBAR  DONGASTER. 

In  the  early  part  of  the  year  1829»  the  use  of  hot  air  in 
the  smelting  furnace,  for  the  manufacture  of  cast  iron,  was 
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introduced  at  tbe  Cfyde  Iron  Works,  nesr  Glasgow ;  and  at 
the  fourth  meetii^  of  the  British  Association,  h^  at  Edin- 
burgh in  1834,  Dr.  Clark  gave  an  account  of  ita  snoeesa  aa 
follows: — 

**  That  in  their  previous  operations  with  cold  mr,  ft  tana 
<<  1  cwt  1  qr,  of  q>lint  caal  (made  into  eoke,  at  a  loaa  in 
*^  weight  of  fi%-fiTO  per  cent),  was  required  to  make  I  ton 
**  of  iron. 

^  With  the  use  of  air  heated  to  about  300<'  Fahrenheit, 

5  tons  3  cwt  1  quarter  of  coal  (in  coke)  prodaoed  a  ton  of 
^^  iron,  in  addition  to  which,  8  cwt  of  coals  were  used  for 

heating  the  air. 

In  1833,  the  temperature  of  the  air  used  being  600^ 
^^  Fahrenheit,  it  was  found  that  raw  coal  (not  coked)  might 
*^  be  used,  which  circumstance  further  reduced  the  qnanlity 
**  of  coal  required  in  the  furnace  to  2  tons  5  cwt.  1  qr.  per 
*^  ton  of  iron  made.'' 

Not  having  been  j^esenl  at  Edinburgh,  on  the  Associa- 
tion's  meeting  the  following  year  in  Dublin,  I  stated  that 
the  case  had  not  been  correctly  represented  to  Dr.  Clark,* 

*  A  similar  misrepresentatioD  hta  abo  been  made-to  Mr.  Mashet,  hy  retrnm  of 
which  he  has  been  led  into  an  error  so  fiur  as  to  state,  in  his  most  yaluable  work 
cm'nou  and  steel, pa^sa SCZS-SO); tint tfaa .MOtoiak und at  tiie Miltoft  Worics in 
Decembeiy  1884|  with  cold  blast,  wera  for  each  ton  of  iron  made,— 

Tom.  Opte.  ZAs. 

Ironstone 4        10 

Limestone    ^.^.*..... '  O      13       0 

At  the  same  worig,  in  DeeeBrf)aKl8ag>with  hot  blast, 

Tom.  CwU.  Qrs.    Lba. 
CMlapertoBof  inm  in  tbe  fttfnace.*.^.. ..*«•. ^  2       4       a       14 

Ironstone • — «..^  ..•.«•..    8      II        2        21 

Iron  Oe  0        0        10 

Limestone    0      16       0        14 

It  is,  however,  well  known,  that  on  an  averap;e  of  the  year  through,  prRvious  to 
April  1829*  whea  cold  blasi  was  used  at  the  Milton  Works,  the  materials  con- 
sumed were — 

Tom.  CwU.  Qrs.  Ihg, 

Coals  in  the  furnace    4        19       0       01    per  ton 

Ironstone  ditto S        14        3        9>-of  " 

Limestone  ditto  0        14        3 

B  2 
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inasmuch  as  for  some  time  previous  to  1825,  a  saving  in  the 
coking  operation  had  been  made  at  every  well-K^nducted  iron 
work,  by  which  a  ton  of  iron  could  be  make  with  5  tons  of 
splint  coal  in  the  furnace,  when  cold  blast  was  used ;  so  that 
in  reality  a  saving  only  took  place  (by  increasing  the  tem- 
perature of  the  air,  so  far  as  to  enable  them  to  use  coal 
uncoked  in  the  smelting  furnace)  of  2  tons  5  cwt.,  that  is, 
from  5  tons  to  2  tons  15  cwt. 

The  account,  therefore,  as  regards  economy,  by  the  use  of 
hot  air,  will  stand  thus : — 

Tons.  Cwi%        s.    d.  £.  s.    d. 
Saving  in  coal  used  in  the  furnace    2        5  500113 

In  Coker's  Wages    0    2    3 

.    £0  13    6 

Against  this  may  be  set  down— • 
A  greater  quantity  of   ironstone 

used  per  ton  of  iron  made 0        3            8    6    0  13 

Extra  wear  on  ditto. .^ 0  3    6 

Coal  to  heat  the  air  used     , 0        8            2    0    0  0  10 

£0    5    7 
Saving  in  materials  by  the  use  of  hot  air,  per  ton 

of  iron    0    7  11 

To  which  saving  may  be  added  a  further  sum  of  4s.  7d.  per 
ton,  for  the  greater  quantity  of  iron  produced  from  each 
furnace,  wh^  hot  air  and  coals  are  used,  msjdng  the  total 
saving  of  12s.  6d.  per  ton  of  pig  iron. 

But  in  1835  the  deterioration  in  the  value  of  iron  so  made 
was  about  17s.  6d.  per  ton,  as  I  stated  at  Dublin,  and  at  the 
present  time,  (March,  1842)  I  have  no  recantation  to  read  so 
far  as  the  above  observations  go. 

And  in  comparing  this  wi4  the  make  by  hot  air,  in  I>ecember,  1886,  (one  of  the 
best  months  in  the  year  for  iron  making),  an  addition  of  8  cwt  of  coal  being 
made  for  heating  the  air,  the  difference  is  truly  so  small  as  to  be  altogether 
unworthy  of  consideration,  on  taking  into  account  the  deteriorated  value  of  the 
produce. 
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Id  Dublin,  my  observation  that  tbe  deteriorated  value  of 
hot  blast  iron  in  the  market  was  17s.  6d.  per  ton  was  contra- 
dicted ;  but  after  seven  more  years  of  unceasing  application, 
practised  in  the  manufacture  on  a  very  large  scale,  of  nu- 
merous experiments  by  indefatigable  practical  men  of  great 
ability,  of  the  attention  of  learned  Professors  of  chemistry, 
mineralogy,  and  geology,  together  with  the*  aid  of  that  no 
inconsiderable  engine,  the  public  press,  the  price  of  pig  iron 
so  made  is  32s.  6d.  per  ton  below  that  made  by  cold  blast  in 
the  smelting  furnaces.* 

If  you  ask  why  iron  so  made  is  sold  for  32s.  6d.  less  in  the 
market,  the  answer  is — 1st,  its  great  weakness  under  impact, 
and  therefore  its  total  unfitness  for  most  purposes  in  which 
the  greatest  weight  of  iron  is  used;t  2nd,  its  greater  loss  in 
remelting  in  the  cupola  of  2  cwt.  per  ton ;  3rd,  the  great 
irregularity  in  the  contraction  of  castings  when  cooling,  if 
made  from  hot  blast  iron,  on  which  account  many  castings  of 
different  sizes  are  produced  from  the  same  pattern,  causing 
great  expense  in  their  after  fitting,  or,  if  this  expense  is  not 

•  March,  1842:—  Per  Ton. 

Price  of  Scotch  hot  blast  iron  at  Hull,  (No.  1.)  ^    7    6 
To  which  addfor  its  general  inferiorityto  Yorkshire 

iron  when  both  were  made  from  cold  blast  0    5    0 

£3  12    6 

Price  of  Yorkshire  cold  blast  iionat  Hull,  (No.  1.)       5    5    0 

Difeence  in  &your  of  cold  blast  iron  generally    £1  12    6 

t  In  Mr.  F^iib«im*s  recent  experiments,  published  in  the  Manchester  Memoirs, 
the  difference  in  this  respect  is  veiy  striking  :•— 

Eadi  bar  being  1  indi  squqjpe  and  4  feet  6  inches  long  between,  supports — 

JBr$aJdng  weight     Potiw  to  resist  trnpod. 

Oldberry  cold  blast  iron 458  lbs.  ^2  lbs. 

Oldbeny  hot  ditto    548  549 

Using  the  same  coal  and  ironstone— 

Elsecar  cold  ditto 446  992 

MUton  hot  ditto    353  536 

Working  in  the  same  mineral  field  in  N.  Wales— 

Ponkey  cold  ditto 667  992 

Plaskynaston  hot  ditto 878  517 


Digitized  by  VjOOQ IC 


6 

mcoiTad,  great  defect  id  bU  nukehinerjr,  &e.  &c.  ao  made; 
4tli,  its  inwonndiiess,  when  made  into  castings  that  require 
to  be  turned,  bored,  or  planed,  &c.;  on  wfaieh  oocaaions,  if  the 
surface  operated  upon  is  not  defiectiFe  od  its  entire  area,  a 
defect  so  eoDsideraUe  will  show  itself,  probabl j  wfaen  nearly 
finished,  that  both  the  casting  and  the  great  expense  bestoved 
upon  it  will  be  thrown  away,  and  in  aany  such  cases  the 
expense  of  making  the  easting  itself  will  be  at  least  three 
times  greater  than  even  the  preaent  great  di&renee  in  the 
value  of  the  two  kinds  of  iron. 

I  need  not  uimecessanly  occopy  your  time  fiirther  than  by 
going  more  fully  into  the  first  of  these  pomts, — the  great 
weakness,  under  impact,  of  hot  blast  iron. 

My  attentioii  waa  frst  called  to  ike  subject  by  obserring 
great  qnantities  of  pig  iron,  on  the  wfaar&  at  the  iron  foundries 
and  other  places  in  this  neighbouriiood,  rery  recently  broken 
into  pieces  so  Aort  as  to  preyeot  the  labourer  pilii^  them  in 
cubical  tiers  in  the  naual  manner;  and  on  inquiry,  I  found 
diat  they  were  so  broken  by  loading  and  rdoading,  and  tiiat 
they  were  made  by  the  new  process  of  using  hot  air  in  the 
furnace,  greatly  miscalled  an  improvement  in  the  manufacture 
of  cast  iron.  Prom  these  and  other  circumstances,  I  thought 
it  a  duty  due  to  the  iron  trade  to  call  the  attention  of  the 
public  to  it,  and  having  mentioned  the  subject  at  the  meeting 
of  the  British  Association  in  DubGn,  its  importance  was  at 
once  recognised,  and  a  sum  of  money  appropriated  for  making 
the  needful  experiments,  which  were  carried  into  execution 
by  Mr.  Pairbairn,  the  highly  intelligent  and  indefatigable 
engineer  of  Manchester*  I  was  very  sorry  to  find  from  his 
report  read  at  the  Liverpool  meeting,  as  well  as  from  several 
conversations  which  he  had  with  me  on  the  subject,  that  he  had 
experienoed  great  difficulty  in  ascertaining  the  composition 
of  the  irons  experimented  upon,  in  consequence  of  many  of 
the  manufacturers  being  unwilling  to  give  information :  and 
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wIhb  I  add  to  lihifli^  tfaat  in  more  reeest  evfanmenis^  one 
of  the  stroi^^t  irons  ia  YmUbare  has  baen  placed  in  the 
scale  of  strength  much  below  another  iron,  well  known  to 
be  BO  stronger,  (both  iroBs  bemg  made  from  the  same  coal 
and  ironstone,  a  fence  only  parting  the  mmeral  fields  of  each 
woric,)  I  am  driTen  to  Ae  condiukm  that  the  objeet  of 
tiie  ezperineats  in  qaestiim  has  in  a  great  Measure  been 
defeated.  Tbeve  ane,  howeFer,  wme  ezperimeBts  in  thev, 
whieb  may  not  have  been  affMted  in  Aeir  resuks  bj  diese 
circumstances,  two  of  which  I  shall  point  out  to  your  oon- 
sHJeratiaii. 

The  first  will  be  that  of  inm  from  two  anorks  nsng  tha 
same  materials. 

Elsecar  iron  (coldUast)  mean  ratio  of  its  strength...  1000 
HiHoB  iron  (hot  blast)  mean  ratio  of  its  strength  ...  809 
Elsecar  inoo,  oaeaa  ralio  of  power  to  resist  impaet »«.  1000 
Maton  ditto  ditto  ditto  .^    S58 

In  this  case  the  difference  is  really  much  greater  than 
appears  on  the  face  of  tliese  experiments^  inasmuch  as  the 
specimens  of  pig  iron  from  the  Milton  Works  were  made  with 
the  addition  of  a  portion  of  the  red  hematite  iron  ore  from 
Ulverstone,  for  the  express  purpose  of  giving  greater  strength 
to  that  iron,  as  was  inyariably  done  many  years  for  the  pur- 
pose of  making  tin  plate,  and  during  the  war  for  the  casting 
of  cannon. 

The  second  circumstance  is  that  where  Mr.  Fairbaim  re- 
ports on  a  trial  of  fifty  sorts  of  iron,  of  which  each  bar'*  of 
hot  and  cold  blast  iron  was  made  of  the  same  materials,  and 
under  the  same  circumstances. 

Cold  blast  iron,  with  a  load  of  392  lbs.  iocreased  the  deflection 

in  106  days  from  1.786  to  1.843  inches. 
Hot  blast  iron  ditto...  1.891  to  1.966  dHto. 

*  1  take  ihib  to  mean  eadi  pair  of  hatf . 
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Ck>ld  blast  Iron,  with  a  load  of  448  Ibs^  ooDtinoed  to  increase 
in  deflection,  and  ultimately  broke,  after  sustaining  the 
weight  35  days. 

All  the  hot  blast  iron  bars  broke  in  the  act  of  loading  them 
with  the  above  weight  of  448  lbs. 

Notwithstanding  these  and  many  simiUr  facts  brought  out 
by  the  experiments  in  question,  certain  portions  of  them  are 
constantly  being  quoted  for  the  purpose  of  proying  that  iron 
made  by  hot  air  is  stronger  than  that  produced  by  the  use  of 
cold  air. 

Contemporary  with  these  experiments  on  a  small  scale, 
others  of  far  greater  importance  have  been  going  on;  thus  we 
hear  of  hundreds  of  railway  chairs,  cast  from  iron  made  by 
the  improved  process,  constantly  breaking,  where  tens  only 
broke  before;!  of  steam  engines  and  other  valuable  machinery 
breaking  in  rapid  succession,  and  in  parts  where,  by  regular 
work,  they  were  never  known  to  give  way  before  the  intro- 
duction of  the  improved  iron ;  of  the  more  respectable  por- 
tion of  millwrights  being  obliged  to  make  new  calculations, 
and  a  new  stock  of  patterns,  in  order  to  lessen,  as  far  as  is 
in  their  power,  the  enormous  losses  and  the  great  disappoint- 
ment of  their  friends  by  such  breakages.  We  hear  of  coal- 
masters  of  whole  districts,  and  other  prudent  and  humane  pro- 
prietors of  large  establishments,  introducing  clauses  in  their 
contracts  for  castings,  stipulating  that  no  hot  blast  iron  shall 
be  used  therein;  and  at  length  the  same  has  become  common  in 
contracts  for  gas  and  other  pipes,  which  it  has  hitherto  been 
usual  to  make  of  the  most  inferior  quality  of  irons,  it  having 
been  found  that  the  sockets  of  some  miles  of  piping  have 


t  In  a  paper  reoeDtly  read  before  the  Insdtiitiofi  of  Cinl  Engineers,  Mr.  Mao- 
neill  states  that  on  the  Dublin  and  Drogheda  Railway,  where  chain' were  used 
made  of  hot  blast  iron  from  Scotland,  the  breakage  was  very  great,  as  compared 
with  those  on  the  South  Eastern  Railway,  where  tiiey  were  made  of  cold  blast 
iron,  and  that,  in  his  opinion,  the  latter  would  be  cheaper  than  the  former  at 
an  increased  price  of  £4  per  ton. 
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been  broken  off  in  one  or  two  years  after  they  were  laid  down, 
in  consequence  of  their  having  been  made  of  hot  blast  iron. 

There  has,  also,  still  more  recently,  been  a  series  of 
experiments  made,  upon  which  a  far  greater  dependance  may 
be  placed,  inasmuch  as  the  irons  were  all  supplied  in  the 
regular  way  of  business,  without  the  makers  knowing  any 
such  experiments  were  intended ;  and  they  were  undertaken 
for  the  purpose  of  information  only,  to  guide  the  founder  and 
engineer  who  conducted  the  operations  at  his  own  establish- 
ment. The  detail  of  these  valuable  trials  by  Mr.  Todd,  of 
Leeds,  formed  a  paper  read  before  this  Society  when  last  it 
met  at  Leeds.  I  need  not,  therefore,  occupy  your  time  with 
repeating  them  here,  and  will  only  call  your  attention  to  a 
few  of  the  results,  for  the  purpose  of  more  clearly  explaining 
what  I  wish  particularly  to  impress  on  your  notice.* 

With  respect,  to  the  strength  of  bar  iron  made  from  hot  blast 
pig  iron,  very  few  experiments  have  been  made  public  that  I 
am  aware  of;  Mr.  Todd's  experiments  are,  therefore,  of  very 
great  importance,  because  they  were  made  with  the  greatest 
possible  care,  and  regardless  of  expense,  by  manufacturers  of 
the  first  eminence  and  ability  for  their  private  information. 
The  irons  ijere  eight  in  number ;  the  first  set  of  bars  were  2;^ 
inches  in  diameter,  made  with  cold  blast  scraps  and  hot  blast 

•  They  took  place  from  Angati,  1840,  to  Febraaiy,  1841. 

Breaking  weight. 
Cwta,  Qn. 

Bieriey  pig  iron, No.  3,  made  with  cold  blast,  ayenge    25    2 

Ebecardo.    No.  3,  do.  do.        24    0 

Low  Moor  do. No.  3,  do.  do.        23    2 

Sttmmerlee(Scotch)do.No.  8,  hot  blast,  do.         17    2 

Level,  Staffoidshiredo.  No.  8,  do.  do.        16    0 

^'^^  ^ No.  3,  5  P^^E^^*^^''  j  .  do.        80    0 

^^^^ ^"'•^'i^eS''     !  **•     ^^ 

Mixed  do Na  8^  e(|ual  parts  Bierley,  S 

Elsecar,  Low  Moor,  Staffordshire,  (Cylinder  iron  >    do.        20    2 
in  the  market,)  and  Level  iron,  also  Summerlee  ) 
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re^eotively,  all  1^  Yorkdiire  mmsUatmers.  The  weight 
required  to  draw  Uiem  ftBunder  by  a  ateady  direct  tenaifm  was 
not  very  variable;  b«t  when  all  were  cut  round  to  tbe  aame 
depth,  tor  die  purpose  of  beiog  broken  wbh  the  faaouDaer, 
they  required  about  the  fbllowiog  blows  to  do  so : — 

Bkmi. 

Gold  blast  iron  ... 6 

Scrap - ., 3 

liot  Uast    ••••••••••••••.•.••«••••••»••••»••••  ••••••••M**  ••     1 

The  seeoiid  and  third  set  of  bars  you  have  now  before  yoa, 
the  results  of  experiments  on  winch  stand  thai : — 


Dlam.  of  bar.  Area  of  mc  ItnA  them  wlih  a 

is.  whom  cue  17U>.  ham 

Low  Moor,  cold  blast  ...    2.66    3.976     18 

Bierfey,  cold  Mast    2.76     4-430     18 

MiltoB,  hot  blast  2.75     4.430    3 

BlowiTaqufceato 

Veric  cr 

aSOIb. 


«  > 


Efsecar,  cdd  blast    2.66     3.976 

Milton,  hot  bUst 2jSS    4^3 

Mfkde  firoBi  the  same  materiahu 

So  that  the  proportionate  resistance  of  hot  blast  wroc^ht  iron 
to  tsqaocf  is  still  less  than  iiiat  of  cast  iron.  I  need  scaroe  say, 
that  die  result  was  thai  cold  blast  iron  was  ordered  at  proba^ 
bly  £6  per  ton  more  than  the  hot  Uast  iron  might^faave  been 
bought  for« 

I  may  here  take  leave  to  mention  the  circumstance  of 
scrap  iron  being  anything  now  but  what  it  was  formerly,  when 
its  name  was  synonymous  with  excellent  quality.  In  former 
times  the  importation  of  scraps  from  the  Continent  of  Europe 
took  place  to  a  very  considerable  extent,  all  of  which  were 
manufeictured  in  this  country  into  bars,  sheets,  &e. ;  and  from 
the  circumstance  of  these  scraps  being  all  of  charcoal  iron, 
the  bars,  &c  so  made  could  mot  but  deserve  the  good  name 
they  acquired  and  long  maintained.  The  flow  of  scraps  into 
England  has,  however,  h>i^  sinoe  ceased,  and  the  exportation 
from  this  country  having  become  a  conaiderahle  trade,  it 


Digitized  by  VjOOQ IC 


11 

Coflows,  of  course,  tkut  oemp  iron  now  nuiBt  be  made  firvraa 
onr  own  ecraps ;  and  when  it  is  reamemberod  how  small  a 
propcrtion  of  good  iron  has  for  many  years  been  made 
here,  bars,  &c.,  manufactured  from  scraps,  eaonot  but  be  of 
Terj  irrc^gular  tnd  dafaknm  quality;  heaoe  it  is  diat  the  best 
•mrap  iron  cots  jo  poor  a  figure  when  compared  with  a  well 
made  iron  bom  known  good  minerals. 

The  remarks  I  have  made  are  in  reference  to  irons  of 
known  good  quality ;  but  I  am  ready,  and  have  pleasure  in 
admitting  that  the  use  of  hot  air  has  been  of  very  great 
adrantage  at  those  iron  works  whose  produce  had  not  a  firstr 
rate  name,  by  enabling  their  proprietors  to  make  it  at  a  less 
eoety  without  a  proportionate  deterioiation  in  quality;  and 
diere  are  some  few  works  whose  iron,  made  with  cold  blast, 
was  so  bad,  dbat  any  change  could  not  be  but  fer  the  better. 
There  is  also  at  present  a  strong  impression  that  iron  cannot 
be  made  with  anthracite  coal  only,  without  hot  air,  and  that 
inm  so  made  is  better  than  any  ether«  The  goodness  of  its 
qnality  is,  faowerer,  due  to  the  great  purity  of  that  ooaL  But 
eren  here  ve  are  told,  in  a  Paper  read  before  the  Pdytechnic 
Society  of  Cornwall,  by  a  gentleman  of  great  practical  skiil, 
that  iron  made  with  such  proportions  of  andiracite  coal  and 
ooke  as  enabled  him  to  use  cold  blast,  became  much  weaker 
on  Us  using  hot  air^  all  other  circumstances  bdng  the  same. 

My  apology  fer  troubling  you  so  far  mnst  be  in  the  import* 
ance  of  the  subject,  and  the  daily  increasing  impartance  to 
society  of  the  strength  of  that  materid  by  which  the  loco* 
motJTe  power  is  applied  that  so  rapidly  conreys  a  very  large 
portion  of  die  human  raoe  both  by  land  and  sea.  When  we 
are  id>out  to  pnrcfaase  a  horse  which  is  to  convey  oursehes 
and  famiUes  at  the  moderate  rate  of  eight  or  ten  miles  an 
hour,  with  what  inherent  caution  our  first  object  is  to  examine 
his  knees,  to  ascertain  his  safety  I  In  the  steam-engine  we 
are  prevented  taking  this  precaution ;  and  yet  in  travelling 
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three  times  as  fafit,  our  risk  is  in  very  mnch  greater  propor- 
tion. Now  in  this  fast  travelling  it  must  not  be  forgot  that 
in  the  engines  which  convey  idi  there  are  two  cylinders,  and 
at  least  280  returns  of  the  piston,  and  therefore  there  are 
280  percussions  each  minute  of  92401b.  pressure  in  the  power 
itself;  there  are  also  forty-two  wheels  and  axles  in  each 
train  passing  over  a  joint  of  the  rails  every  five  yards  of  our 
journey,  the  percussions  of  which  are  very  sensibly  felt ;  with 
numberless  others  of  minor  effect,  by  which  it  will  be  at  once 
seen  of  what  inestimable  importance  it  is  that  all  iron  used 
for  such  purposes  should  not  only  be  strong,  but  be  so  under 
percussion ;  for  I  need  only  remind  you  that  it  is  more  than 
probable,  should  any  one  of  the  numerous  parts  give  way,  by 
any  one  of  the  many  percussicms  they  have  to  sustain,  that 
an  accident  of  the  most  calamitous  nature  would  be  the  result. 
With  this  view  of  the  subject,  I  may  probably  be  excused 
if  I  so  far  further  trespass  on  your* patience  as  at  least  to 
endeavour  to  point  out  a  duty  which  the  public  only  can  per- 
form for  itself,  namely,  to  take  especial  care  that  protection  is 
given  to  that  class  of  iron  makers  whose  first  aim  is  to  main- 
tain in  its  utmost  strength  the  produce  of  their  foundries,  re- 
gardless of  the  expense  of  doing  so.  And  in  order  that  it  may 
be  understood  how  far  such  protection  is  required,  the  follow- 
ing statement  should  be  made  known.  In  the  year  1830  the  total 
quantity  of  pig  iron  made  in  Great  Britain  was  about  653,500 
tons.  In  1840  the  make  had  increased  to  1,396,400  tons  ; 
and  although  the  stock  of  pig  iron  at  the  latter  date  was  very 
small,  the  price  of  No.  1  had  declined  since  the  use  of  hot  air 
from  £8  5s.  in  1836,  to  £5  5s.  per  ton  in  1842  for  cold  blast 
iron;  and  from  £7  5s.  to  £3  12s.  6d.  for  hot  blast  iron,* 
although  the  workmen's  wages  throughout  this  period  were 

*  I  have  been  informed  that  No.  1  hot  blast  iron  has  been  delivered  in  Leeds 
for  £3  28.  6d.  per  ton,  the  average  of  former  years  being  £9  10b.  per  ton  for  No. 
1  cold  blast  pig  iron. 
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rather  higher,  which  item  forms  nearly  76  per  cent  of  the 
coBt;  from  which  circumstance  it  has  been  very  fairly  con«> 
eluded,  that  the  price  of  the  best  pig  iron  made  has  been 
brought  down  at  least  30s.  per  ton  lower  than  it  would  other- 
wise have  been  by  the  badness  of  trade  generally,  had  not  the 
use  of  hot  air  been  introduced  in  its  manufacture. 

In  addition  to  the  observations  I  have  already  made  on  this 
subject,  I  may  refer  you  to  the  price  current  of  the  present  day, 
and  you  will  see  the  price  of  cold  blast  pig  iron  in  South 
Wales  stand  at  £3  lOs.  per  ton  for  No.  1;  hot  blast  pig 
iron  IB  the  Clyde,  £2  10s.  per  ton  for  No.  1 ;  and,  upon  the 
whole,  it  seems  this  case  may  now  be  thus  summed  up, — 

The  saving  in  the  make  of  pig  iron  by  the  use 
of  hot  blast  may  (generally  speaking)  be   ...£0  12    6  per  ton. 

Deteriorated  value  of  such  iron  in  the  general 
market     1     0    0     do. 

Deteriorated  value  in  the  Yorkshire  district   ...    1  12    6     do. 

Deteriorated  value  of  castings  made  of  such 
iron,  in  the  simple  article  of  railway  chairs, 
as  reported  to  the  Institution  of  Civil  £n- 
ipneers,  on  the  let  day  of  March  last,  by  one 
of  their  own  body,  of  the  first  eminence,  and 
of  very  great  experience  in  such  matters     ..4    0    0     do. 

Deteriorated  value  of  wrought  iron  when  manu- 
factured from  pig  iron  so  made,  in  the  market  6    0    0     do. 

Indeed,  in  the  last-named  kind  of  iron,  engineers  and 
intelligent  manufacturers  are  agreed,  and  the  experiments  I 
have  before  referred  to  show,  that  £6  per  ton  is  far  too  low 
an  estimate  of  its  deterioration,  and  particularly  when  we 
reflect  how  very  much  bar  (and  other)  iron  has  now  to  do  with 
the  personal  safety  of  millions  of  our  fellow  creatures* 

A  desultory  conversation  followed  the  reading  of  the 
Paper,  at  the  close  of  which,  Mr.  Morton  said  that  he  did 
not  profess  to  understand  the  subject,  but  he  would  suggest 
that  it  should  be  brought  forward  and  fairly  discussed  at 
another  meeting  of  the  Society.     When  they  considered  the 
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importance  of  l^e  mannfactare  of  iron,  he  thomgbt  it  was 
deservmg  of  great  conrideratioo  wbelber  the  oae  of  the  hot 
blast  would  efiect  the  purposes  of  the  cold  blast  at  a  cheaper 
rate.      The  quantity  of  iron  inannfaclared  in  England  is 
now  double  what  it  was  some  years  aga«     It  bad  been  said 
that  the  hot  blast  would  prodnce  double  the  quantify  pr«>- 
dttced  by  the  cold  blast,  but  then  they  must  consider  whether 
1^  quality  of  the  former,  was  equal  to  that  of  the  latter* 
Mr.  Hartop  had  said  it  w^  not.     He  did  not  conwider  that 
file  tests  used  in  these  experiments  were  to  be  depended  upon. 
For  the  force  exercised  by  a  man's  arm  was  very  variable ;  and 
it  might  be  to  the  interest  of  the  striker  to  make  it  sa    If 
he  were  interested  in  the  hot  blast,  the  blow  might  be  verj 
weak,  and  if  he  were  interested  in  the  cold  blast,  it  might  be 
much  heavier.     He  would  suggest  for  the  proper  testing  of 
this  matter,  that  the  bars  of  iron  intended  for  experiment 
should  be  placed  upon  equal  bearings^  and  that  the  weights 
should  fall  from  the  same  elevation*    I^  tfaerefdt^,  the  ques- 
tion of  hot  and  cold  blasts  were  to  be  discussed,  Ae  data, 
must  be  more  complete  than  those  now  before  then*     For- 
merly iron  could  only  be  made  with  charcoal,  and  it  was 
then  said  that  coke  would  not  make  iron  of  ao  good  a 
quality ;  but  coke  is  now  used  in  great  abundance,  and  has 
given  employment  ta  vast  mnaborH  of  people.    Hot  and  cold 
blasts  might  therefore  be  considered  in  the  same  relative 
position  to  each  other,  as  were  formerly  charcoal  and  coke* 


A  Paper  was  then  read 

ON  THS  MOLECULAR  CHANGE.  IN  THB  CONSTITUTION  OF 
WROUGHT  IRON  FRdM  THE  EFFECTS  OF  VIBRATION 
AND      CONCUSSION. — BY      BICHAHD     SOLLT,      BiSQ.,      OF 

SHEFFIELD. 

Mr.  Solly  exhibited  a  portion  of  an  iron  jnn,  which  af- 
forded an  instance  of  the  crystaIli2ation  of  fibrous  maBeaUe 
iron  by  the  effects  of  vibration.     The  iron,  of  which  this  pin 


Digitized  by  VjOOQ IC 


15 

was  made^  was  originatty  of  tbe  strongest  md  tangliest  kind, 
and  eailirely  fibroaa.  It  had  become  gramdar  and  brittle  by 
bong  suljeeted  to  great  TibratioB  at  a  temperature  very  eon- 
riderably  below  that  of  boAmg  water.  He  waa  unable  to 
ediibit  a  aamide  of  the  identical  billet  firom  wiiich  thia  brdcen 
pin  was  nade,  became  Mr*  WiUiam  Lmaa,  who  took  it  with 
hiiD  to  Mancheater,  had  giren  it  to  Sir  Henry  De  la  Beche, 
to  be  placed  in  the  Museum  of  Economie  (Geology;  but  be 
had  provided  luiaself  with  a  small  speexmen  of  similar  tough 
iron  for  the  purpose  of  comparisonr  Tbe  aiauufSusture  of  the 
pins  was  then  explained*  Puddle  bars  were  made  from  tbe 
beet  Shropshire  and  Staffordshire  cold  blast  grey  pig  iron, 
piled  seven  high,  ball4umaced,  sliingledy  and  rolled  into  a 
biUety  which  was  dcawn  down  to  die  siae  required  under  a 
sBoaU  forge  hammer*  The  pins  were  used  to  hold  down  the 
brasses  over  tbe  neck  at  the  end  of  the  long  riudft  which  tame 
the  little  null,  and  this  shaft,  as  it  reyolres  nearly  30&  times 
per  nmnite,  tfperiences  a  violent  vibration*  When  the  mill 
was  in  action,  the  temperature  of  tbe  pins  was  not  above 
lOCT  of  Fahrenheit,  and  they  w&n  in  no  part  nearer  to  the 
pmnt  of  friction  than  six  inches*  The  cause  of  the  pins  not 
having  attained  a  greater  degree  of  heat,  was  oa  account  of 
their  dbtance  from  the  nearest  point  of  friction,  and  also 
from  the  brasses  being  well  supplied  with  oil  and  grease* 
The  pins  had  been  in  use  for  two  or  three  months  when  they 
brdie,  and  their  breaking  caused  the  breaking  of  a  wheel, 
and  also  of  the  bed  of  the  carriage  at  tbe  end  of  the  shaft 
Mr.  Soily  sud  frequent  cases  of  this  kind  hai  occurred  at 
their  iron  works,  at  Tividale,  in  Staffordshire,  particularly 
with  the  pins  on  which  the  shears  work ;  tbe  shears,  being  used 
for  cutting  bars  of  iron  cold,  are  subjected  to  constant  small 
shocks  or  jerks.  He  had  lately  had  an  opportunity  of  exam- 
ining at  the  Railway  Station,  Derby,  four  broken  axletrees, 
all  of  which  presented  a  crystalline  appearance.     One  of  the 
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gentlemen  connected  with  the  engineering  department,  to 
whom  Mr.  Solly  suggested  that  the  accident  had  been  owing 
to  the  vibration  of  the  wheels  on  the  rails,  said  he  attributed 
it  solely  to  the  original  bad  cold  short  quality  of  the  iron.  He 
mentioned  this  subject,  as  it  might  be  of  importance  to  the 
public,  whose  lives  might  be  endangered  by  the  liability  of 
axletrees  to  break.  The  investigation  of  this  question  Mr. 
Solly  considered  as  the  peculiar  province  of  a  Polytechnic 
Society,  and  he  hoped  it  would  be  by  them  taken  up,  as  it 
had  already  attracted  a  great  deal  of  attention.  It  was  dis- 
cussed in  the  Mechanical  Section  of  the  British  Association, 
at  Manchester,  last  week,  and  a  grant  of  £150  was  made 
for  Mr.  Fairbaim  and  a  Committee  to  ascertain  if  any,  and 
what  changes  take  place  in  the  internal  constitution  of  metals 
when  exposed  to  continual  vibration  and  concussion,  as  in  the 
case  of  the  axles  of  locomotive  engines.  Messrs.  Newall, 
the  well  known  wire  rope  manufacturers,  told  Mr.  Solly's 
brother  last  April,  that  they  found  not  only  thSI  fibrous  iron 
becomes  granular  by  vibration,  but  that  granular  iron,  by 
being  constantly  bent  backwards  and  forwards,  becomes 
fibrous.  Mr.  Solly  concluded  his  remarks  by  saying,  that 
the  most  usdTul  object  would  be  to  find  the  remedy,  and  he 
understood  it  had  been  ascertained,  that  very  careful  anneal- 
ing is  indispensable  for  all  iron  axletrees. 


Mr.  Wilson  then  exhibited  the  head  of  a  spear,  which 
had  been  found  twenty-four  feet  below  the  surface  of  the  earth, 
in  the  valley  of  the  Calder,  near  Fairies'  Hill;  and  a  piece 
of  the  rock  of  Gibraltar. 

A  vote  of  thanks  was  then  passed  to  the  Chairman,  for 
his  able  services  in  the  chair ;  and  to  Mr.  Hartop  and  Mr. 
Solly  for  their  papers. 
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GEOLOGICAL  &  POLYTECHNIC  SOCIETY 


AT  TUB  vauwn  AsnftAis  KBcrno,  hsia  va  ms  msto  aALOOir, 

WAWBRBIiBk  OH  W49»B8I>ATy  7tH  SBMEMliam,  IM9» 


The  Right  Honourable  the  Earl  Pimwilliam,  the  Presi- 
dent, fai  the  Chair. 

The  foBowing  gentlemen  were  mianimously  elected  Mem- 
bers of  the  Society : — 

Samuel  Hailstone,  Esq.,  F.G.S.,  Bradford. 

BswABi^  Hailotove,  Biq./P.&LA.,  KfadfoiA 

James  Malunsok,  Eiq^,  Brifbou*. 

E,  B.  WuEATLEY,  Esq.,  Hopton. 

D.  Macintosh,  Esq.,  Blair-gowrie,  Perthshire. 

The  Secretary  th^n  read  the  following  Eeport : — 

RlPOirr  OV  THB  COUNCIL  OF  THB  OBOIiOGICAL  AND  POLY* 
TBCHNie  SOCIETY  OF  TUB  WBST-BIDINa  OF  YOBKJIBIEB» 
TO  THB  ANNUAL  MPBTING,  1842. 

^ee  the  la4it  annual  meeting,  the  proceedings  of  the 
Society  have  been  generaUy  satisfactory,  though  unmarked 
by  any  peauliar  feature.  There  has  not  been  much  vafiatipn 
in  the  lunber  of  members ;  but  the  Council  have  plefisure  in 
stating,  that  the  loss  which  must  inevitably  take  place  froip 
death  and  rengnation,  has  been  more  than  eounterbilblmced 
by  the  addition  of  new  names  to  the  list  . 

In  S0pteDiber,  1941,  the  nmnber  of  m^qibers  reported 
was  326  ^  since  tlmt  time  33  lunre  been  dected,  &  haye  be^n 
remoTed  by  death}  and  26  haye  resigned,  making  the  {uresent 
number  329. 

VOL.  11.  c 
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Owing  to  peculiar  circumstances  attendant  upon  this  meet- 
ing, the  Treasurer  is  unable  to  present  a  detailed  account  of 
the  receipts  and  expenditure :  it  will,  however,  be  immediately 
submitted  to  the  Auditors,  and  printed  in  the  forthcoming 
Report. 

During  the  past  year,  the  quarterly  meetings  have  been 
held  as  follows :  viz.,  in  December,  at  Huddersfield ;  in 
March,  at  Sheffield ;  and  in  June,  at  Wakefield ;  at  all  of 
which-  communications  of  interest  and  importance  have  been 
read ;  many  of  them  have  been  of  great  practical  value,  and 
afford  an  additional  proof  of  the  benefits  resulting  from  a 
society  of  this  nature,  in  a  district  where  so  large  a  popula- 
tion is  dependent  upon  the  successful  prosecution  of  those 
arts  which  more  immediately  come  under  its  cognizance. 
The  titles  of  the  papers  are  as  under : — 

At  the  annual  meeting,  in  Sbptember — "  Qlustrations  of 
Yorkshire  Geology,"  by  the  Rev.  W.  Thorp "An  Eluci- 
dation of  the  Geometrical  principles  of  Gothic  Architecture, 
No.  2,"  by  W.  Wallen,  Esq.,  F.S.  A— «  On  the  preservation 
of  Railway  Sections,  and  of  accounts  of  Borings,  Sinkings, 
&C.,  in  elucidation  of  the  measures  recently  taken  by  the 
British  Association,"  by  Thos.  Sopwith,  Esq.,  F.G.S. 

December. — "  Observations  on  the  Yorkshire  Drift  and 
Gravel,"  by  J.  T.  Clay,  Esq.-^"  On  the  data  for  a  com- 
parison between  the  heat  yielded  by  coke  and  by  coal,"  by 
W.  West,  Esq — "  An  Elucidation  of  the  Geometrical  prin- 
ciples of  Gothic  Architecture,  No.  3,"  by  W.  Wallen,  Esq., 
F.S.A. 

March. — "  On  the  use  of  wire  rope  as  a  substitute  for 
hempen  rope,  on  rj^ilways  and  in  mining,"  by  Charles  Mor- 
ton,  Esq. — "  On    Fossil    Footsteps   in   the   Carboniferous 

System,"  by  Mr.  W.  Lee,  Sheffield "  On  the  evidence  of 

the  former  existence  of  Glaciers  in  Great  Britain,"  by  Thos. 
Sopwith,  Esq.,  F.G.S. 
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Jdr]l_<<  On  the  relatlTe  qualities  of  Iron  made  tiy  tKe 
use  of  the  Hot  and  Cold  Air  Bburts  in  the  SmeUsng  Furnaoe^" 
fay  Henry  Hartop,  Esq.—''  On  the  molecular  diaoge  in  the 
constitution  of  wrougHt  iron^  from  tibe.  effects  of  ?ibration 
and  concussion,"  by  Richard  Solly,  Eaq.^  Sheffield. 

The  Council  report  with  much  regret  Hr.  Wilson's  resigna- 
tion of  the  offices  of  Secretary  and  Treasurer,  which  he  has 
most  efficiently  filled  since  the  formation  of  the  Society.  To 
his  zeabus  and  indefatigable  exertiras^^a  great  degree  of  the 
success  which  has  attended  its  operationsi  is  attributable;  and 
they  can  scarcely  indulge  in  the  hope,  that  the  Society  will 
be  able  to  find  a  successor  able  and  willing  to  devote  the 
time  and  attention  which  he  has  so  cheerfully  given  to  its 
semce* 

The  establishment  of  |t  Museum  of  geological  specimens, 
and  more  particularly  of.  those  peculiar  to  this  district^  has 
always  been  considered  of  primary  importance ;  and  in  order 
that  the  numerous  specimens  already  contributed  may  be 
systematically  arranged,  the  Council  hare  engaged  j^  resident 
curator  for  a  temporary  period,  with  a  view  of  permanently 
continuing  the  appointment,  if  experience  should  render  this 
course  advisable.  The  Council  request  the  continued  co- 
operation of  an  those  members  who  are  enabled  to  afford 
assistance  by  the  presentation  of  fossils,  in  the  hope  that 
some  light  may  be  thrown  upon  many  disputed  gedogical 
points,  by  a  thorough  acquaintance  with  the  organic  remains 
occurring  in  tins  coalfield. 

Liberal  contributions  of  local  fossils  are  also  valuable  from 
their  affording  the  means  of  effecting  advantageous  exchanges 
with  other  societies  and  individuals,  by  whom  many  offers  of 
this  nature  have  been  made. 

The  Council  have  reason  to  believe  that  the  Reports  of 
the  proceedings  of  the  meetings  are  hdd  in  increased  esti- 
mation; and  they  confidently  hope  that  the  continued  and 
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cdrdinl  co-opcradott  of  its  Members  will  gain  for  the  Society 
a  still  more  e&tended  support. 

It  was  then  mo?ed  by  Exkey  Lsah,  Esq.^  seconded  by 
Wm.  WbsT)  Esq.)  aad  oarried  unanimously  :^^ 

That  the  Report  of  the  Goancil  be  received  aad  printed. 

William  Wallbn,  Esq.,  mored,  and  Thomas  Pitt, 
£l^q.,  seconded  the  next  resolution^  which  wad  carried  nnani- 
tiously  :-i- 

That  the  following  noblemen  and  gentlemen  be  elected  offieers 
fbr  the  ensuing  year  :-^ 

PBB9n)]|MT. 

EARL  FITZWILLIAM,  F.ILS. 


DVKS  OF  NiBBTOLK. 

Easl  of  Effingham. 
Eabl  of  Dartmouth. 
Load  Wha&ncliffe. 

LoAB  SrOUETON. 

VifcptMT  Mn^v^N. 
ViBcouirr  Howard,  M.P. 
tiow.  W.  S.  Lascellbb,  M.R 
Hon.  a.  &  WoatixYi  ICP. 
Hon.  G.  W.  Feezwuxiam,  M.P. 
SiA  F.  L.  Wood,  Bart. 
Sia  W.  B.  CooKE,  BARt. 
Ran  W.  ScoRB»Y»  P.D*  F.R.S, 
Rev.  S.  Sharp. 
R^EV.  T.  6arne8. 


VICE  FRESmENTB. 

T.  W.  B1AUH021T,  Esq. 
J.  S.  Stanhope,  Ebq^ 
R.  O.  OABcorGNB>  Esq. 
G.  Lane  Fox,  Esq. 
J.  W.  CttiJ»BB8»  Esq.,  M.P. 
£.  B.  BsAOMONT,  Esq. 
O.  Wentworth,  Esq. 
W.  Bennett  Martin,  Esq. 

C.  i.  BlUKDUNG,  EsQ» 
J.  G.  Marshaix,  Esq. 
Michael  Eluson,  Esq. 
T.  D.  Bland,  Jvn.»  Esq. 
P.  JX  Cooks,  Esq. 
Wm.  West,  Esq. 


Ms*  H.  BuoGS* 
Mr.  W.  T.  Hall. 
Mr.  H.  Hartop. 
Mr.  J.  M.  Stansfbld. 
Mr:  C.  Morton. 
Rev.  W.  Thorp. 


comcn.* 

Mr.  Geo.  Wilson. 
Mr.  Thomas  Wilson. 
Mr.  W.  R  H.  Johnstone. 
Ma.  HcMaY  CLAattON. 
Mr.  W.  H.  Dikbs. 
Mr.  Charles  Clapham. 
secretary  and  treasurer. 
Bfa.  JdSKPH  Travis  Clay,  Rastriok,  HoddanSeld. 

HONORARY  CURATORS, 

Messrs.  T.  W.  Embleton  and  Henry  Holt. 

auditors. 
Messrs-.  Brkj.  Biram  and  G.  W^  Chaiocrs* 

(Being  theKst  laid  upoit  the  teUe  in  Jane  last,  scoorttng  4o  Rufe  Id.) 
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Mr«  Wilson  said  ke  wm  siiUs  the  refloluHoii  he  bed  to 
propose  would  s^eet  with  the  cordial  coneurreiu^e  of  the 
meeting*    He  begged  to  iiiot«i#— 

That  Pityfessor  Liebig  of  Giesien,  Frofbssor  Daobeney  of 
Oxford,  and  Dn  Lyon  Ptayfair,  be  elated  Aottorary  MenibeiB 
of  the  Booiety. 

JaMbs  HAiiBRTON,  fisq.  secoiided  the  reeolution,  which 
was  carried  tanaiiimously. 


The  following  Paper  was  then  vead  :^^ 

ON  THB  FAtLtJRB  OV  THB  tlBD  AND  WHrTB  CLOVBR  OPON 
CBRtAIN  80IL8.--^BT  tHB  HBV.  W.  THORP,  OF  WOMBRS- 
LBT   TICARAOB. 

Id  the  former  paper  read  before  our  j<aiit  raeeting  with 
the  Yorkshire  Agricultorai  Society^  I  had  the  opportunity  of 
applying  to  a  local  .district  near  the  river  Humber  those 
grand  principles  of  the  conaeotion  between  agriealture  and 
chemistry,  discovered  by  the  illvt9tri(ms  Professcff  Liebig^ 
To  him  agruniliure  will  otw  owe  a  lasting  debt  of  gratitude 
ibr  the  only  ratbnal  system  of  its  principles  yet  disooyered, 
founded  upon  a  chemical  knowledge  of  the  substances  which 
phnts  extract  fn>m  the  soil,  and  lifcewiae  of  those  returned 
to  the  soil  in  the  form  of  nanure.  To  him  we  owe  the 
knowledge  of  the  sourees  whence  vegetables  obtain  their 
noarishment, — ^why  a  method  of  cultivation  may  succeed  on 
one  fiinn  and  be  inapplicable  to  another, — ^why  a  manure  may 
produce  great  crops  one  year,  and  lose  its  fertilising  influence 
in  aenother; — ^in  what  manner  a  number  of  earthy  and  saline 
ii^e(£ents  e^iert  their  influence  in  the  vegetable  organism;—^ 
that  to  have  a  vigorous  vegetation^  plants  in  the  early  period 
of  their  growth  mivM;  be  supplied  with  a  due  quantity  of 
food; — that  nitrogen,  one  of  the  most  valuable  elements, 
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mast  be  suppfied  by  the  cuItivirfxHr ; — and  that  **  the  chief  art 
*<  of.  agriculture  depends  upon  the  collection  and  preserra* 
**  tion  of  those  manures  wfaidi  contaia  ammonia  in  the 
^^  greatest  quantities."  The  loss  b  this  kingdom  of  li^id 
manure  which  abomids  in  this  substance,  has  been  estimated 
at  an  annual  value  of  £7,000,000  sterling  I  But  since 
the  publication  of  ^*  Chemistry  applied  to  Agriculture  and 
**  Physiology,"  farmers  are  slowly  opening  their  eyes  to  its 
value,  and  a  better  collection  and  preserTation  of  it  is  now 
being  made. 

But  if  I  mistake  not.  Professor  Liebig  points  out  in  his 
work  just  published,  <*  Organic  Chemistry  applied  tp  Phy- 
^^  Biology  and  Pathology,"  a  disooT^y  of  no  less  value  to 
agriculturists  than  any  of  those  in  '<  the  Agricultural  Che- 
**  mistry."     It  is  respecting  the  necessity  of  warmth  to  animals 
during  the  time  of  (heir  fattening;   and  also  of  a  due  supply 
being  given  them  of  nitrogenised  food.      In  that  s|>lendid 
treatise,  which  will  be  as  enduring  as  the  science  of  medi- 
cine, he  indicates  that  in  man  and  animals  the  body  is  a 
furnace  to  be  supplied  with  fuel, — ^diat  the  carbon  of  the  food 
is  the  fuel  which  is  burnt  or  oxydised  by  the  oxygen  of  the 
atmosphere  taken  into  the  lungs;   and  the  mutual  action 
between  the  elements  of  the  food  and  the  oxygen  conveyed 
by  the  globules  of  the  blood  to  every  part  of  the  body,  is  the 
source  of  animal  heat ;— ^and  that  the  amount  of  nourishment 
required  by  the  animal  body,  must  be  iii  direct  ratio  to  the 
quantity  of  oxygen  taken  into  the  system : — that  the  number 
6f  respirations,  or  the  quantity  of  oxygen  absorbed,  is  smaller 
in  a  state  of  rest  than  during  exercise : — that  the  quantity  of 
food  must  depend  upon  exercise,  and  that  an  excess  of  food 
is  incompatible  with  deficient  exercise.      In  order  to  keep  up 
in  the  furnace  a  constant  temperature,  we  must  vary  the 
supply  of  fuel  according  to  the  external  temperature,  i.  ^•, 
according  to  the   supply  of  oxygen.     Our  clothing  is  an 


Digitized  by  VjOOQ IC 


equwaieni  for  a  certain  onnaunt  of  food.  Tbe  more  warmly 
we  are  clothed,  the  less  food  is  required,  because  the  loss  of 
heat  by  cooling,  and  consequently  the  amount  of  heat  to  be 
supplied  by  food,  is  diminished.  The  coining  of  the  body 
increases  the  amount  of  food  necedlsary.  ^^  If  we  were  to 
*^  go  naked,  like  certain  savage  tribes,  or  if  in  himting  or 
**  fishing  we  were  exposed  to  the  same  degree  of  cold  as  the 
•«  Samoyedes,  we  should  be  able  with  ease  to  eonsume  lOIfo. 
"  of  flesh,  and  perhaps  a  dozen  of  tallow  candles  lnt6  the 
^^  bargain,  daily,  as  warmly  clad  travellers  haye  related  with 
*^  astonishment  of  these  people.  We  should  then  be  able  to 
^'  take  the  same  quantity  of  brandy  or  train /oil  without. bad 
<<  effects,  because  the  carbon  and  hydrogeii  of  these  sub^ 
^'  stances  would  only  suffice  to  keep  up  the  equilibrium 
*^  between  the  external  temperature  and  that  of  our  bodies." 
(poge  22.) 

A  want  of  warmth,  then,  is  tantamount  to  a  waste  of  food, 
and  if  we  apply  this  to  the  want  of  shelter  to  oUf  sheep  while 
feeding  upon  turnips  in  the  winter  season,  when  the  temper- 
ature of  the  nights  is  frequently  below  the  freezing  point  of 
water,  and  this  over  3,000,000  acres  of  turmps  in  the  king- 
dom, we  shall  find  the  loss  of  food  very  great  indeed.  Mr. 
Childers,  of  Cantley,  and  Mr.  H.  $.  Thompson^  of  Eirby, 
have  upon  a  small  scale  fed  sheep  in  sheds  during  the  winter, 
and  the  former  says  that  the  sheep  in  sheds  consume  nearly 
one^fih  less  food,  and  make  one^hird  greater  progress  than 
those  fed  with  the  very  same  food  in  the  open  fidd ;  or  very 
nearly  the  same  food  will  feed  double  the  number  of  sheep. 
And  a  farmer  in  the  Doncaster  Chronicle,  February  4,  1842, 
states  that  1,760  bushels,  or  about  44  tons  of  turnips,  kept 
him  in  a  warm  yard  200  sheep  (Tegs)  urell  for  five  months, 
while  it  would  have  required  ten  times  that  quantity  out  of 
doors.  Mr.  Morton  informed  Professor  Playfair,  that  200 
sheep  in  the  open  field  eat  24lbs.  each  of  Swede  turnips  daily. 
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while  aaoUifir  lOO  having  a  covered  died  and  a  yard  to  ran 
into  at  pleasure^  only  eat  each  201b&  of  Swedes,  and  gained 
2  ib&  «ach  more  of  flesh  then  the  former.* 

But,  besides  the  waste  of  food  mdnced  by  the  want  of  shel- 
ter, must  be  added  the  want  of  economy  in  not  nnng,  to- 
gefJier  with  turnips,  food  which  contains  more  nitrogen. 
^<  The  increase  of  the  mass  of  the  body  (says  Liebig),  the 
**  development  of  its  organs,  and  the  supply  of  waste,  ail 
<<  this  is  dependant  on  the  blood,  t.  e.,  on  the  ingredients  of 
**  the  blood,  and  those  substances  only  can  properly  be  called 
<*  nutritious,  ok*  considered  food,  which  are  capaUe  of  conver- 
<^  sion  into  blood  To  determine,  therefore,  (he  says)  what 
*^  substances  aris  capable  bf  affording  nourishment,  it  is  only 
««  necessary  to  ascertain  the  composition  of  the  food,  and  to 
"  compare  it  with  the  ingredients  of  the  blood.  But  the 
*^  chief  ingredients  of  the  blood  contain  nearly  IT  per  cent 
*^  of  nitrogen,  4and  no  part  of  any  organ  of  the  body  contains 
^<  less  than  17  pdr  cent  of  nitrogen;  and  animals  cannot  be 
**  fed  on  matters  destitute  of  nitrogenised  constituents.  But 
*<  vegetable  fibrine,  vegetable  albumen  and  caseine,  are  the 
**  true  nitrogenised  constituents  of  the  food  of  graminivorous 
'**  animals.^  And  the  learned  Professor's  book  contains  the 
discovery  that  these  three  vegetable  substances  contain  the 
same  organic  elements  united  in  the  same  proportion  by 
weight,  and,  what  is  still  more  remarkable,  are  identical  in 
composition  with  the  chief  constituents  of  the  blood,  viz., 
animal  fibrlne  and  albumen.  These  vegetable  principles  con- 
tain the  chief  constituents  of  blood,  fibrine  and  albumen 
teady  formed.  Vegetable  fibrine  and  animal  fibrine,  veget- 
iable  albumen  and  animal  albumen,  hardly  differ,  even  in 
form.     <<  If  these  principles  be  wanting  in  die  food,  the 

*  Experiments  regarding  the  relative  feeding  propertieB  of  diflerent  kinds  of 
Ibod,  are  of  no  value  unless  the  temperature  of  die  places  in  which  the  animals 
ore  fed,  be  ^he  same. 
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**  nutrition  of  the  animal  is  lurested ;  and  when  they  are 
<*  present,  the  graminivorous  animal  obtains  in  its  food  the 
*^  very  same  jfirinciples^  on  the  pnesenee  of  which  the  nntri- 
<*  tion  of  carniTora  entirely  dep^Mls.'* 

To  apply  these  discoveries  to  our  present  mode  of  feeding 
sheep  on  turnips. — Aecording  to  Dr^  Datibene/s  taUe  in  his 
valuable  paper  <<  On  the  application  of  Science  to  Agricul- 
ture,'' turnips  contain  in  about  50  tons,  or  100,000  lbs.  weight, 

99.274  lbs.  water  and  carbon. 
.556  fixed  in^edients. 
•170    aaote. 


100.000  lbs. 
Now  25  tons,  being  an  aver&ge  weight  for  one  acre  of  land, 
will  only  contain  85  lbs.  of  nitrogen ;  hence  we  may  see  the 
necessity  of  adding  grain,  as  practised  by  Mr.  Childers  and 
Mr.  Thompson.  The  former  states  that  sheep  fed  with  the 
addition  of  hal£-a-pint  of  barley  per  sheep  per  day,.^  lb.  of 
linseed  cake,  a  little  hay,  and  with  a  constant  supply  of  salt, 
become  ready  for  the  butcher  in  ten  weeks,  with  again  of  flesh 
and  tallow  of  from  33  lbs.  to  40  lbs.  per  head :  (one  sheep 
gained  55  lbs.  in  twelve  weeks:)  and  that  with  artificial  food, 
30  tons  of  turnips  will  feed  60  sheep : — (Journal  of  the  Royal 
Agricultural  Society ,  vol.  1,  part  IFj  p,  409 J — while  on  the 
usual  plan  of  feeding  on  turnips  alone  out  of  doors,  the  average 
of  the  country  is,  that  20  tons  of  turnips  will  feed  in  sixteen 
weeks  10  sheep,  with  a  gain  of  only  20  lbs.  of  flesh  and  tal- 
low. The  barley  and  cake  cost  6d.  to  10d..per  week  for  each 
sheep,  atui  the  turnips  unth  this  addition  thus  go  eight  times 
asfoTf  w  produce  eight  times  the  amount  ofJUsh  and  taUow^ 
The  practice  of  Belgium  is  also  in  strict  conformity  with  the 
principles  here  laid  down  by  Professor  Liebig;  for  not  only 

*  The  tunipB  done  gofom-  times  as  ftr,  for  80  tons  flsed  shctj  ibeep,  while 
OB  the  «i8im1  plan  of  feeding  they  would  only  feed  fifteen  abeep:  but  Ibe  wme 
wei^  of  turnips  with  artificial  food  produce  also  very  near  dovlit  the  amount  of 
Ml  and  Xa^tm,  and,  Hierefere,  ge  eight  times  as  fer. 
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are  all  their  animals  kept  up  and  fed  in  houses,  but  the  mix- 
ture called  ^^vrassm'  crasists  of  the  flour  of  nitrogenous 
grain  mixed  together  with  roots;  and  there  is  little  doubt 
that  the  high  price  of  meat  in  England,  which  has  a  less 
population  per  square  mile  than  the  Netherlands,  is  in  part 
owing  to  one  of  the  diree  sources  of  waste  and  loss  indicated 
by  Professor  Liel»g.  At  all  events,  the  value  of  niirogenouf 
manures f  the  necessity  ef  toeoTnth  to  oMimais  during  the  time 
of  feeding^  and  the  use  qf  those  vegetables  which  contain 
nitrogen^  must  ever  remain  ca  fixed  principles  in  Agriculture. 
Without  principles,  says  Cullen,  deduced  from  analytical 
reasoning,  experience  is  a  useless  and  blind  guide.  Move- 
able sheds  are  now  used  for  keeping  sheep  warm  during  feed- 
ing, so  that  there  shall  be  no  loss  to  the  land  from  the  tread- 
ing of  these  animals.  Or,  what  is  still  preferable',  one-third 
to  one-half  of  the  turnips  may  be  drawn  off,  and  by  giving 
oil-cake  or  barley  to  the  sheep  which  consume  the  other  half 
on  the  'land,  as  good  barley  and  seeds  may  be  obtained  as  if 
all  the  turnips  had  been  eaten  on  the  land. 

A  severe  loss  frequently  occurring  to  agriculturists  is  the 
destruction  of  the  red  and  white  clover  crop,  the  cultivation 
of  which  is  of  so  much  importance,  that  every  exertion 
should  be  made  to  secure  a  full  crop  ;  for  upon  its  success 
depends  the  number  of  sheep  to  be  sustiuned  during  the  sum- 
mer, the  quantity  of  fodder  for  horses  in  the  winter,  and  the 
ensuing  com  crop  is  materially  influenced  by  the  weight  of 
the  produce  consumed  on  the  land.  There  is,  however,  in 
this  climate  no  plant  more  difficult  of  culture  in  the  early 
periods  of  its  growth,  or  which  so  frequently  fails  in  its  pro- 
gress towards  maturity,  or  of  which  by  repetition  the' land  is 
said  to  be  so  soon  tired.  Upon  the  Magnesian  Limestone 
nearly  one-half  of  the  red  clover  sown,  fails,  (200  acres  out 
of  450).  Upon  the  Chalk  wolds  of  Yorkshire,  owing,  to 
frequent  failures,  many  farmers  have  given  over  sowing  red 
clover,  while  the  white  clover  is  very  often  only  half  a  crop  ♦ 
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and  upon  the  Odlites  and  other  light  soils  of  the  New  Bed 
Sandstone  and  of  the  Coal  district,  red  clor^,  owing  to  fire* 
qoent  losses  of  the  crop,  is  only  sown  once  CTery  twelfth 
year.  An  inquiry,  therefore,  into  the  causes  of  these  general 
and  extensiTe  failures  of  this  plant,  and  consecpient  loss  to  the 
ftrmer,  cannot  but  be  of  adrantage. 

In  the  Paper  before  alluded  to,  the  causes  of  failure  at  Am 
Hma  of  sowmfff  and  during  the  summer  moaihs^  hare  already 
been  pointed  out,  and  it  is,  therefoore,  to  the  failure  of  tkm 
cIoTcr  crop  after  harvest  that  the  following  rmnarks  will  be 
mora  particularly  direcisd.  In  this  case  the  crop  after  har^ 
▼est  is  always  good,  but  dies  away  during  the  months  of 
-Norember,  December,  January,  February,  and  March,  the 
{lands  on  which  this  occurs  being  denominated  "  doTcr  sick," 
-from  a  supposition  of  the  too  frequent  repetition  of  that  crop. 

The  Committee  of  the  Yorkshire  Agricultural  Society,  in 
the  Report  of  last  year,  directly  ascribe  the  failure  to  the 
exhaustion  of  some  food  required  by  the  clover.  They  say — 
^*  Mr.  Thorp  has  coHeeted  a  great  mass  of  evidence  to  prove 
**  that  on  certain  soils  clover  may  be  grown  at  short  intervals. 
*^  The  Comioittee,  on  the  other  hand,  have  shown  that  certain 
^^  other  soHswlIl  not  grow  it  with  advantage  oftener  than 
'^  once  in  twelve  years.  These  apparently  contradictory 
"  fhcts-may  be  reconciled  on ,  thd  suppositidti  of  the  food  of 
^*  clover  being  exhausted.'*  Mr.  Legard,  in  the  same  Report, 
says,  *^  On  Ae  much  controverted  question  of  clover  sick- 
*^  ness,  my  opinion  is,  that  the  soil  is  rendered-  unfit  to  pro* 
**  duce  successive  crops  of  this  plant,  either  by  exjcretions 
**  given  out  by  the  ^oots,  or  by  the  exhaustion  of  certun 
«« constituents  of  the  soil  by  thi9  plant  itself."  (Repot  t  of  the 
Yorkshire  Agricultural  Society^  1841,  p.  136.) 

In  order,  if  possible,  to  ascertain  whether  this  opmion  of 
the  food  being  exhausted  was  correct  or  not,  two  samples  of 
soil  were  sent  for  analysis  to  Mr.  Spence,  of  York,  a  very 
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aottte  chemist,  recommeiided  by  Piiofesior  Phtlfips.  Tlie 
flunples  were  taken  from  thesame  ield,  about  ten  yards  apart, 
being  upon  the  k)ver  bed  of  the  Magnesian  Limeatonie. 
This  field  is  sixtem  acres  in  extent,  one  half  of  which  had 
been  seeds  (u  e.,  white  dorer  and  rye  grass),  and  tin  other 
half,  beans  four  years  ago ;  the  whole  of  it,  last  year,  was 
barley  and  red  dover ;  and  both  portions  of  the  field  had  pre- 
Tionsly  been  under  the  same  management  with  respect  to  onops 
and  manures.  After  harrest,  the  whole  of  the  clover  was 
equally  good,  but  during  the  months  from  Nov.  to  the  5th  April, 
the  cbrer  had,  I  may  say,  totally  disappeared  from  the  portion 
which  had  four  years  before  been  <<  seeds,"  except  updn  the 
headlands  where  the  horses  had  turned  round  in  the  plough- 
ing. Upon  the  portion  which  had  been  beans  four  years  ago, 
the  red  dorer  continued  excellent  until  it  was  mown,  but  die 
other  half  not  being  worth  keqnng,  was  ploughed  up  and  sown 
with  beans* 

^OIL  OF  THS  BOIL  OV  THE 

Mtthamtai  AnafyriB.         iitt  clover.  good  aed  clotsb. 

Depoih  in  3^  minutoB  «,. «,%.«.    90    ••*... 90^ 

Remainder^ ^ 10 9^ 

100  loo 

C^mkal  AnafyiU.        ChMeai  Almljfm. 

Water  of  Abiorption 4.5    4.5 

Water  not  expelled  at  300»,  and )  »  ,.  «  ,. 

DHltirdeBtnietiUabyheit  S *" 

cSSo^  s<Xm'!.'.'!!"!.*ii!!!!!!!!!!  ( ^^* — • ••*•  ^^^  ■*  -^ 

V^petaUe  matter  (iQlu>le}   ,.    0.10  .««.... 0.10 

Siliceous  sand,  insoluble  in  Hydro-  )  on  r  nfkM\         kk 

diloiieand  SQH»h.  AcWs.........}  ^^    ^^^  "^  "^ 


,......•  4.6    48    —  .2 

Oxide  Iron •  4.65 5.8    — .S5 

Caibonate  Lime...... ^..  1.115 *...»«  1.16  —  .1 

Carbonate  MiypiesU  ....^ ^.^..  0.25  ....? a45  +  .2 

Phosp.  Lime  (Phoq).  Acid  0.67)  0.15  (Phs.  Acd.  0.9)  0.2    +  .05 

Ifetuh  (nlicate)   <  Potash  0.17).*.  0.95<P«>ttdi  aS)  &4    +  .» 

loo  H)0 

Aa  aem  cf  Md  dotior  oontaim  of  pt^mk  (45  Ibt.*  amk  12  ftw.*  Ifaw  68  lbs., 
magnesia  7*5  lbs.,  alumina  0.3  lbs.,  silica  8  Ibs«,  sulph.  acid  10  lbs.,  pho^horic 
acid  15  lbs.,  chlorine  8  lbs.  1^ Lectures  on  AgricuUwrai  Chemistry ^  hy  J.  F,  W, 
jBhutaM,p.3S6.) 
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The  aaialysw  of  both  soils  are  here  given,  and  the  oom- 
parison  showa  the  aoil  of  the  bad  clover  to  be  aetoally  riefaer 
m  gypotm  and  oommon  a^t  than  the  aoil  of  the  good  dover; 
]|»  however^  containa  a  little  less  liiagnesia,  phosphate  of  lime, 
andof  nlieale  of  potash.    But  by  comparing  the  eztraet  from 
the  taUe  publifllied  by  Professor  Johnstodft,  which  containsthe 
mmber  of  poimds  weight  of  inorganic  substaaoes  required  per 
acre»  with  any  of  the  ingredienta  ia.  which  the  bad  soil  is  defi- 
cientt  it  will  be  found  tbit  there  oisted  in  the  bad  adl  quite  an 
ample  quantity  of  each  of  them.    Tahe  the  quantity  of  phos- 
phate of  time,  the  only  tme  about  which  th^e  can  be  a  doubt, 
&e  quantity  in  Ae  analysis  being  0.16  per  cent.,,  and  therefore 
of  phoephoric  add  0.67  per  cent  ^  but  a  crop  of  red  clover 
requirea  of  phoephorio  acid  only  L£lba.  weight  per  aete,  and 
an  acre  of  thia  soil,  six.  iaehes  deep>  weighed  on  the  5th  of 
April  8,766,0«t)  lb&^  and  Aerefore  contabed  180  Iba.  weight 
of  phosphoric  aind.    So  that  if  the  analysis  had  coatained 
only  .001  per  cent.,  it  would  have  contained  27  lb.:  nay,  if 
it  had  cQBtaiaed  .OOOS^  it  woidd  have  coatained  nearly  sufi- 
dent»  not  only  of  phosphoric  acid  filr  the  red  clover,  but  also 
mlBeient  ddorine,  sulphuric  acid,  magnesia,  and  soda^  for 
cither  a  orop  of  barley,  rye  graiss,  or  wheat;    This  shows 
that  even  the  very  minute  aaalysea  of  soils,  given  by  Professor 
laebig  are  not  auffioiently  exact,  although  they  exhibit  the 
thousandth  part  per  cent.,  of  the  substaaee  analysed;  yet 
befiire  it  can  be  asserted  that  any  soil  is  deficient  in  alumina, 
soda»  aulphaie^  acic^  or  magnesia,  chemists  mueC,  owmg  to 
the  aaall  quantity  of  matter  required  in  so  large  a  mass,  give 
us  ksB  than  one-half  of  the  deciaial  parts  afforded  in  those 
even  by  Professor  LieUg.    in  feot,  before  it  could  have  been 
predicated  whetlKr  the  cbver  on  this  soil  had  failed  for  the 
want  of  ahimina,  it  must  have  been  aacertained  whether  the 
soil  contained  even  •OOOO'l  1  per  cent,  of  that  earth. 
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But  in  addition  to  the  positive  eyidence  afforded  by  the 
comparison  of  the  analyses  of  the  two  soils,  that  there  is  no 
exhaustion  of  the  food  of  the  clover,  we  have  the  high 
authority  of  Professor  Liebig,  who  says-— ^<  In  some  neigb- 
*^  bourhoods  clover  will  not  thrive  till  the  si:(th  year,  in  others 
^^  not  till  the  twelfth  ;  flax  in  the  second  or  third  year.  All 
^<  thb  depends  on  the  chemical  nature  of  the  soil,  for  it  haa 
'*^  been  found  by  experience,  that  in  those  districts  where  the 
^*  intervals  at  which  the  same  plants  can  be  cultivated  with 
**  advantage  are  vei^  long,  the  time  catmot  be  sherUned  even 
*<  by  the  use  of  the  mast  powerful  manures.  The  destraotion 
<^  of  the  peculiar  excrements  of  one  crop  must  have  taken 
*<  place  before  a  new  crop  can  be  produced." 

Indeed,  Mr.  Legard  lumself  almost  proves  that  its  failure 
cannot  on  the  Chalk  Wolds  be  ascribed  to  the  want  of  any 
ingredient  of  the  clover,  when  he  says — **  That  for  a  period 
^*  of  18  years  he  has  used  bones  to  the  turnip  crops  at  the 
^<  rate  of  two  quarters  per  acre;  to  the  clovers,  rich  farm 
*<  yard  dung,  10  tons  per  acre ;  and  to  the  wheat  crops,  rape- 
*^  dust  at  the  rate  of  12  bushels  per  acre;  and  that  the  clover 
'<  crops  have  been  consumed  on  th0  ground  by  sheep.*' — 
Surely  if  land  be  mamired  in  this  way,  no  exhaustion  of  the 
soil  can  take  ph&ce.  And  upon  the  Magnesian  Limestone  it  is 
scarcely  possible  that  exhaustion  of  any  specific  ingredient 
can  be  the  cause  of  failure,  because  it  is  the  custom  to  sow 
beans  upon  these  ^' clover-sick"  lands  wherever  the  soil  is 
not  very  shallow  ;  and  if  a  good  crop  of  beans  can  be  grown 
on  the  same  lands;  it  follows  that  certam  fixed  ingredients 
must  have  been  present  in  the  soil,  for  beans  contain  as  much 
potash,  soda,  magnesia,  alumina,  and  silica,  as  red  clover, 
but  a  little  less  gypsum,  phosphoric  acid,  and  chlorine;  but 
not  an  absence  of  the  three  last,  otherwise  they  would  nbt 
grow  at  all.  In  fine,  this  single  consideration  alone,  that  the 
clover  flourishes  luxuriantly  during  the  warm  and  growing 
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months  of  the  summer,  when  food  of  all  kinds  is  required 
and  assimilated  by  the  plant,  but  perishes  in  the  colder 
months,  when  vegetation  is  nearly  dormant  and  scarcely  any 
noorishment  required,  must  preclude  the  opinion  that  the 
want  of  food  of  any  description  whatever  is  concerned  in  its 
destruction. 

Win  an  excretion,  or  rather  the  emission  of  excremen- 
tltious  matter  from  the  roots  of  clover,  account  for  its  dia* 
i^pearance  ?  for  in  this  opinion  Professor  Liebig  coincides' 
with  that  of  the  Committee  of  the  Yorkshire  Agricultu?ld 
Society.  But  against  such  an  agent  being  concerned,  it  may 
be  urged  in  the  first  place,  that  there  are  certain  light  lands 
which  have  been  reclaimed  some  30  years  ago,  and  therefore 
never  have  produced  clover  at  any  former  period,  but  upon 
which  the  crop  always  disappears  in  the  winter.  A  farm 
near  Bamsdale  bar,  on  the  Magnesian  Limestone ;  several 
farms  on  the  south  side  of  Darrington,  on  the  same  geolo- 
gieal  formation ;  and  certain  portions  of  the  Yorkshire 
Wolds  are  in  this  predicaments  No  excrementitious  matter, 
therefore,  can  destroy  the  clovers  on  these  fiirms,  because 
they  have  never  grown  the  plant;  Macaire  Princep  found 
that  ihe  Leguminosse  (to  which  fionily  the  clovers  belong) 
emitted  gum  and  carbonate  of  lime.  But  the  gums  are  very 
soluble  in  water,  and  therefore  would  be  easily  washed  out  of 
the  soil ;  and  it  seems  very  extraordinary  that  in  the  heavier 
soils,  consisting  of  loam  and  clay  of  the  New  Red  Sandstone, 
this  gum  trifolii  should  only  remain  three  years,  while  in  the 
lighter  soOs  of  the  Magnesian  Limestone  eight  years,  but  in 
the  stSl  more  open  and  porous  soils  of  the  Chalk  Wolds  it 
endures  twelve  years.  In  fact  this  wonderful  substance,  con- 
trary to  the  known  law  of  eremacaums,  decomposes  more 
slowly  in  proportion  to  the  porosity  of  the  soil,  and  in  those 
containing  the  most  calcareous  matter.  Again,  if  this  excre- 
tion can  remain  in  the  soil  nearly  twelve  years,  it  must  be 
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decomposed  very  slowly,  and  tbwefore  afforded  U  tbe  {rianis 
in  a  very  weal  selfttMm ;  but  Saugaove  fowid  Maf  pktrds  do 
Twt  swffisr  much  by  weak  solution  ofpauaneus  nuUUr^  Again, 
it  seems  very  ungiilar  that  the  poison  ia  oely  absorbed  in  tbe 
vinisr  months,  when  yegetatioii  is  languid,  and  that  the  clever 
from  this  cause  should  not  perish  during  the  wajrm  BBOTtths, 
-^tfae  period  of  its  greatest  growth.  But  Ae  red  and  white 
dcnrera  are  peremnals :  Smith,  in  his  EngU$k  B^tmf^  da* 
scribes  them  as  snck  The  red  cloyer  grows  as  a  perennial 
iifthe  iride  of  Aylesbury  and  in  &e  rieb  pastures  of  linoofai* 
shire  ;  and  Mr.  Baines,  the  editor  of  the  Fhra  rf  YorluhWf 
says  that  it  grows  as  a  perenBiai  near  York.  Now,  if  tbia 
plant  excretes  in  one  year  as  vueh  M  will  poison  the  soil 
npon  which  it  grows  for  ten  or  twelve  years,  how  ia  the  sane 
plant  enabled  to  live  contbuaUy  in  the  midst  of  ita  own 
acemBulated  excretions?  In  fine,  tbe  eondnsions  of  Macaire's 
experiments  have  been  disproved  by  Meyen  and  linger. 
They  obtained  exeretiona  from  those  plaints  only  whose  roots 
had  been  mutilated  by  their  removal  from  the  soil  into  water, 
which  is  not  their  natural  medium  of  gro'wth ;  but  in  empl<^* 
ing  water  plants,  and  placing  them  in  varieua  solutiiASi  ihey 
could  not  detect  by  the  most  delicate  re^igents,  tbe  r<$ectiaii 
of  any  of  tiie  absorbed  agenls  * 

But  an  anatomieal  and  pathologioal  examination  of  the 
dying  red  clover  plant,  wiH  prove  that  no  poison  received  by 
the  roots  is  concerned  in  its  death  $  for  plants  wbieb  are 
poisoned  assume  n  very  different  appearance. 

During  the  last  wmter  I  took  from  di^ent  fidds,  and 
particularly  from  the  dover-sidc  perlion  of  Jthe  beforei4iamed 
field,  a  great  number  of  dying  plants,  at  different  periods  of 
the  winter,  and  examined  them  whh  the  micreecope ;  slices  of 
whole  stems  and  leaves  were  placed  under  a  magnifying 
power  of  100  to  150 'diaiMbers.     The  part  first  injured  is 

•  See  "  Root,"  Penny  Cyclopfletfa. 
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the  neck  of  the  {dant  (collet,)  about  a  quarter  of  an  idch 
below  the  point  where  the  leaves  join  the  stem.  K  slices  of 
the  neek  be  phiced  under  the  microaeope  in  the  early  stage  of 
ike  injury^  ibe  asp  vessels  are  found  simply  ruptured ;  while  if 
the  plant  .has  been  some  time  aflfectody  as  shown  by  its  foliage^ 
sdark  spot  wiB  be  seen  in  th0  oentre  of  the  stem^  andthemore 
external  parts  of  a  brown  coltffxt ;  and  as  the  disease  $preada 
upwardfly  the  leaves  aUd  stem  become  black  in  their  entire 
thickness,  decomposition  takes  plao^  and  the  pint  rots  awaj^ 
s  litde  bdow  the  base  of  th6  leaves.  This  destruction  c^  tfie 
cdhdar  tissue  is  owing  to  the  severittf  of  the  firoit ;  and  if  the 
common  cauliflower,  or  the  oelel^  plai^  at  the  same  period 
ct  the  year^  be  eirawinejA,  the  same  effedts  wiU  be'  visible. 
la  the  canliflowte,  aboiit  three  inohes  below  JJie  leaveB,  the 
eentre  of  the  stalk  is  found  in  its  early  stagey  simply  softened ; 
afterwards  it  assumes  a  brown  cdoury  and  eonts,  if  broken,  a 
pntiid  smelly  decomposUion  hainin^  i  taken  place.  In  the 
eeiery  plant  the  neck  becomes  fiUed  with  a  brown  sap>  and 
the  blandied  leaves  soon  take  on  the  appearance  of  frost- 
bitten  eeiery.  The  first  external  symptom  of  the  diMase  in 
aD  ike  plants  is  a  dead  appearance  of  the  edg^esof  the  leases ; 
whidi  takes  place  first  in  those  most  developed,,  while  ibe 
leaves  reoendy  expanding  seem  healthy;  but  subsequently  the 
whole  plant  above  tto  neck  becomes  o£  a  dark  colour,  aaid,  if 
pulled^  breaks  ottt  leaving !  the  lower  poi^tion  of  ihe  roots 
bealihy  in  appearance.  There  ia  no  donbt  Ihat  the  disease 
is  immediately  caused  by  the.  sap  of  the  plant  becoming 
frocen,  and  ihe  air  which  is  contamed  in  it  expelled  among 
the  si4>  vessels.  The  heat  of  ihe  sun  ihea  expanding  the 
confined  ur,  before  ihe  re-absorption  of  it  by. the  frozen  sap 
can  take  place,  bursts  the  Yeslels  of  the  i^ant*  This  is  proved 
fay  the  &ct  that  any  frosted  plant  may  be  preserved  if  it  be 
gvadttidly  thawed,  by  either  pouring  cold  water  upon  it,  or  by 
protedang  it  from  the  sun's  vB^yu*     Sevend  hundred  plants  ol 
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red  cloyer,  from  dtflPerent  localities,  were  examined  daring 
the  winter,  and  the  dame  eflPects  were  always  visible. 

A  number  of  pknts  were  taken  up  and  placed  in  a  stove  in 
their  native  soil,  having  a  temperature  of  60^  to  65^.  Of 
those  taken  up  in  November,  about  one-half  of  them  con- 
tinued to  live,  while  of  those  taken  up  in  January  all  died ; 
some  of  the  latter  had  their  soil  changed,  but  they  also  died 
away  in  about  ten  days.  Of  those  plants  which  were  taken 
up  early  in  the  season,  some  of  them  survived,  becanse  their 
sap  vessels  were  not  irremediably  damaged ;  while  in  those 
taken  up  later,  the  vessels  were  destroyed  to  an  extent  incom- 
patible with  the  life  of  the  plant 

It  being  proved,  then,  that  the  clover  crops  are  destroyed 
In  this  country  by  the  frost,  the  next  inquiry  is — Why  are 
they  injured  on  particular  soils,  or  sometimes  on  a  soil  where 
this  crop  has  been  successively  grown, — as  every  third  or 
every  fourth  year  ?  Upon  certain  soils  of  the  New  Red 
Sandstone  at  Fishlake  F^awick,  red  clover  has  been  grown 
every  thurd  year  for  a  series  of  years  (this  is  shown  in  the 
Yorkshire  Agric.  Report^  page  125);  while  upon  portions  of 
the  Chalk  Wolds  of  Yorkshire,  neither  red  clover  nor  white 
clover  can  now  be  scarcely  cultivated  at  all ;  and  it  may  be 
safely  asserted  that  it  is  only  upon  the  more  pulverulent  soils 
of  the  Magnesian  Limestone,  of  the  Chalk  and  of  the  Sand- 
stones of  the  Coal  Measures,  and  some  of  the  lighter  soils  of 
the  New  Red  Sandstone  and  Odlite,  that  this  crop  is  injured 
by  the  frost  If  it  is  destroyed  on  a  stiff  soil,  it  is  from  an 
excess  of  water  and  because  it  is  too  wet;  the  natural  habitat 
of  red  clover  being  a  dry  compact  loam,  firm  and  close 
on  the  surface. 

The  true  answer  to  this  inquiry  is,  that  the  cause  of  injury 
by  the  frost  is  owing  to  the  want  of  a  certain  degree  of 
eohesiveness  of  the  particles  of  the  soil  asnong  themselves^ 
and  hence  the  soil's  power  of  retaining  heat  is  diminished; 
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and  those  plants,  particularly  clovers,  which  are  impati^t  of 
sudden  change  of  temperature,  are  readily  destroyed  by  the 
frost*  And  soils  by  the  growth  of  white  clover,  red  clover, 
and  tares,  become  more  pulverulent,  pufiy,  and  less  cohesive 
in  proportion  to  the  frequency  of  the  growth  of  these  crops, 
and  this  explains  why  these  lands  tire  of  clover.  The  several 
particles  of  earth,  by  the  long,  deep,  and  numerous  radicles  of 
these  plants,  become  mechanically  forced  from  their  position, 
and  their  points  of  contact  thus  rendered  fewer  in  number ; 
and  such  soils  comparatively  between  themselves  become  sp^ 
cifieally  lighter  in  jMroportion  to  the  weight  of  a  determinate 
volume.  That  the  soils  upon  which  the  clover  is  destroyed 
do  lose  the  cohesiveness  of  iheir  particles,  and,  when  compared 
with  those  of  the  same  chemical  constitution  which  preserve 
the  plant,  are  specifically  lighter  in  proportion  to  the  weight 
of  a  determinate  volume,  is  proved  by  the  following  trials, 
in  whidi  a  solid  foot  of  each  was  dug  from  the  ground  and 
weighed  upon  the  spot 

In  the  two  portions  of  the  field  whose  soil  was  analysed, 
several  trials  of  the  weight  of  the  two  soils  gave  a  difference 
of  6  lbs.  to  7^  lbs.  per  solid  foot  (of  17x17x6  inches,  or  6 
inches  in-depth)  or  from  1 17  to  140  tons  weight  per  acre  over 
and  above  the  failing  or  sick  portion  of  the  field :  and  this 
difierence  of  the  weight  does  not  arise  from  a  diflerence  in 


*  **  Xbe  pouter  of  reteiniog  heat  it  neariy  in  proportion  to  the  weight  of  a  deter- 
"  minote  Yohime  of  soiU  t.  e.,  to  absolute  weight ;  the  greater  maai  an  earth 
"  poaseflsea  in  the  flame  Tolume,  the  greater  will  be  in  general  iti  power  of  retaining 
**  heai— we  inay^  therefore,  fipom  the  abaolute  weight  of  an  earth*  condude  with  a 
*<  tolerable  degree  of  probability,  as  to  its  greater  or  less  power  of  retaining  heat.** 
fSchMer  onthePhydctdPropertittofSoU,  p.  177,  vol  I.  part%  Journal  of  Boyal 
Agncmihartd  Soa$tjf  rf England,)  **  When  different  earths  are  niixed  together,  a 
^  cubic  iodi  of  the  mixture  obtained  gires  a  greater  weight  than  the  ariUimetical 
'*  mean  (or  cotnmon  average)  of  the  earths,  entering  into  the  mixture,  whether 
**  mixed  in  equal  portions,  according  tp  weight  or  volume^  or  in  other  quantities.'* 
(Rid, p.  ISl.y 

e.  ^.  2  parts  of  sand  and  1  part  of  clay,  by  volume,  have  an  arithmetical  mean 
wei^t  of  9.566»  while  the  actual  weight  it  2.825,  or  an  tncraase  of  250. 
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the  8pe<»fie  gravity  of  the  two  soils  (indeed,  the  lighter  con- 
tains  more  silica),  but  from  the  particles  of  earth  not  being 
in  equally  close  contact 

In  another  field  belonging  to  Mr.  W.  Stephenson,  of 
Womersley,  upon  the  New  Red  Sandstone,  which  is  rather 
peaty  and  possesses  a  subsoil  of  clay,  one  portion  of  it  was 
Swede  turnips,  which  were  pulled  off;  another  potatoes;  a 
thurd  white  turnips,  which  were  eaten  off  the  ground  with 
sheep ;  a  fourth  portion  open  fallow,  manured  with  rape  dust 
All  these  different  pieces  were  sown  with  barley  and  red 
clorer ;  but  the  red  cloyer  disappeared  in  the  winter  from  all 
except  one,  viz.,  the  white  turnips  eaten  off  with  sheep,  and 
the  soil  of  which  weighed — 

11^  lbs.  per  foot  of  six  inches  deep,  or  about  216  tons  per 

acre  more  than  the  swedes. 
5^  lbs.  per  foot  of  six  inches  deep,  or  abont  100  tons  per 

acre  more  than  the  potatoes. 
lOf  lbs.  per  foot  of  six  inches  deep»  or  about  200  tons  per 

acre  more  than  the  open  fallow. 

The  treading  of  the  sheep  in  eating  off  upon  this  soil  added* 
a  weight  of  11|  lbs.  per  solid  foot,  and  the  additional  density 
and  compactness  in  the  soil  of  this  particular  piece,  eridently 
enabled  the  red  clover  upon  it  to  endure  the  sererity  of  the 
winter. 

In  a  field  in  the  occupation  of  Mr.  Ruddock,  of  Went- 
bridge^  upon  the  Magnesian  Limestone,  which  was  an  open 
summer's  fallow,  but  in  the  spring  was  sown  with  barley 
and  red  clover,  the  latter  died  away  in  the  winter  fr^m  all 
parts  of  the  field,  except  upon  those  headlands  where  the 
horses  had  turned  round  in  ploughing.  The  good  dover  soil 
.gave  an  excess  of  5|  lbs.  per  foot  in  weight  (or  100  tons  per 
acre)  over  the  soil  which  had  no  clover  upon  it,  but  which 
was  covered  with  weeds. 

In  a  field  belonging  to  Mr.  Rowley,  of  Kirk  Smeaton, 
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fiitoated  upon  the  Red  Marl  and  Gjrpsum,  between  the  two 
beds  of  Magnesian  Limestone^  one  portion  was  oats  and  very 
inferior  white  cIoTer ;  the  other  portion  was  barley  and  rery 
godd  white  clover.  The  soil  of  the  good  clover^  whioh  was 
firm  and  dry,  gave  6^  lbs.  per  foot  (of  17  x  17  x  6)  or  about 
120  tons  in  wagfat  per  acre  above  the  inferior  portion*  One 
half  of  the  inferior  portion  was  manured  with  gypsum  thrown 
from  a  deep  4r8in»  but  the  frost  equally  destroyed  the  clover 
upon  it 

la  several  triab  of  the  soils  of  fidds,  where'  circular 
patches  only  of  the  dovar  had  disappeared  during^  the  winter 
moathsy  the  resuH  was  invariably  the  same^  viz<»  a  lighter 
weight  of  the  soil,  and  that  averaging  from  6  lbs*  to  9  lbs.  per 
solid  foot  of  six  inches  deep  and  17  inches  square* 

In  another  field  belonging  to  Mr.  Stones,  of  Kirk  Smea- 
tsQi  which  was  examined  without  knowing .  under  what  cir- 
eumstances  the  clover  had  ftuledi  two  trials  gave  only  a  difier- 
ence  i>er  solid  foot  of  ^  lb.,  between  the  .portion  which  had 
good  red  clover  upon  it  and  that  which  had  no  cloTcr.  In 
this  case,  however^  the  farmer  assured  me  that  there  was  no 
clover  after  harvest  to  be  seen,  and  that  it  had  been  destroyed 
by  the  biurley  crop  being  excessively  luxuriant,  and  which  was 
«' lodged*" 

The  theory  here  offered  of  the  failure  or  destruction  of 
clover  after  harvest,  vis.^  that  it  is  always  killed  by  the  frost, 
and  this  in  proportion  to  the  want  of  a  certain  degree  of 
eofaesiveness  ^  the  particles  of  the  soil,  will  alone  explain  all 
the  coiilra£ctory  opnions  that  have  been  offered  respecting 
the  causes  of  its  failure* 

1*  It  expluns  why  some  lands,  as  those  situated  upon  the 
ChlJk,  Oalite  ^d  Magnesian  Limestone,  mentioned  in  the 
Beport  of  the  Yorkshire  Agricultural  Society,  after  being 
^^iireJT  are  by  rest  able  to  re-produce  this  crop ; — because  the 
nofe  frequently  the  clovers  or  tares,  or  any  large  tough  rooted 
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plant  are  sown,  the  less  compact  and  lighter  in  weight  does 
that  soil  become,  and  at  length  there  is  produced  an  incapacity 
of  the  clovers  growing  upon  them  to  resist  the  frost ;  yet  in 
time,  by  the  decomposition  of  these  roots,  and  the  cultivation 
of  bulbous  rooted  crops,  and  the  treading  of  tiie  8o3  by  sheep 
in  eating  them  otf  as  is  usually  practised,  reconsolidation  of 
the  soil  takes  place,  and  the  same  land  is  thus  enabled  again 
to  sustain  clover  against  the  severity  of  the  frost 

2.  It  expldns  why,  in  some  fields  from  which  the  whole 
crop  has  nearly  disappeared,  the  headlands  where  the  horses 
turn  round  in  ploughing,  usually  preserve  the  crop  untouched 
by  the  frost     This  is  particularly  observed  on  the  Wolds. 

3.  It  explains  why,  on  the  strong  tenacious  clay  lands 
around  Hemsworth,  red  clover,  after  teasels,  invariably  fails, 
while  upon  the  Magnesian  Limestone,  particularly  around 
Kirk  Smeaton,  red  clover,  after  teasels,  succeeds  better  than 
after  any  other  crop ; — because  in  the  one  case  the  continual 
treading  of  the  teasel  spitalers  asd  reapers  makes  the  strong 
land  too  tenacious;  while  the  same  on  the  light  and  porous 
limestone,  affords  the  consistency  required  to  preserve  the 
crop  over  the  winter, 

4.  It  ezpliuns  why  in  Scotland  the  best  remedy  for  clover 
sickness  yet  discovered  is  to  allow  sheep-seeds  (consisting  of 
white  clover,  cow  grass,  rye  grass,  &c.)  to  remain  down  three 
to  six  years  if  possible,  without  being  ploughed  up ;  becauae 
by  the  continual  treading  of  sheep,  these  lands  are  rendered 
firm  and  compact,  and  the  red  clover  grows  in  spite  of  the 
excretions  or  exhaustions  of  three  to  six  years'  duration. 

5.  It  explains  why  certiun  portions  of  the  Magnesian  Lime- 
stone will  produce  red  clover  every  fourth  year,  other  portions 
only  every  eighth,  others  every  twelfth,  while  other  portions, 
as  at  Bamsdale,  on  the  south  side  of  Darrington,  &c.,  will 
not,  with  the  heaviest  manuring,  produce  this  crop  at  all,  so  as 
to  stand  the  winter ; — ^because  the  compactness  of  the  lime- 
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stone  BoSia  is  very  yariable ;  some  require  pressing  for  wheat, 
others  do  not ;  some  contain  6  per  cent  of  alumina,  others 
not  1  per  cent ;  some  12  per  cent  of  lime,  others  not  2  per 
cent ;  hence,  upon  the  more  compact,  the  clover  will  stand  the 
winter,  whfle  upon  other  portions  it  will  not  do  so. 

6.  It  explains  why,  in  the  south  of  England,  a  working 
flock  of  sheep  is  of  so  much  value ; — because  by  their  treading 
th^  gire  great  solidity  to  tbe'soil,  and  also  a  capacity  to  the 
dovers  upon  it  to  resist  sudden  changes  of  temperature. 

7.  It  explains  why  claying  or  marling  clover-sick  lands,  as 
mentioned  by  Mr.  Morton  (pcufe  77,  Agricultural  Report f) 
should  in  Norfolk  be  a  sufficient  remedy ; — ^because  clay  and 
marl  give  tenacity  to  the  soil,  and  the  power  before  men- 
tioned. 

8.  It  explains  why  lime  is  called  the  mother  of  seeds  to 
certain  soils; — because  this  earth  is  one-half  of  the  value  of 
clay  in  ^ving  tenacity  to  soil  (See  page  186,  Journal  of 
Ragal  Agricultural  Society  of  England^  for  1839,  part  IL) 

9.  It  explains,  for  the  same  reason,  why  chalking  upon  the 
TOTkshire  Wolds  is  of  so  much  value  to  the  clover  crops ; 
indeed,  by  walldng  over  these  lands  it  may  at  once  be  told 
whether  the  land  has  received  this  operation  by  the  firm 
sensation  conveyed  through  the  feet 

10.  Lastly,  it  explains  the  failure  of  the  numerous  trials  of 
the  growth  of  the  Trifolium  incamatum  (the  scarlet  clover,) 
whidi  would  be  ^n  invaluable  plant,  but  it  invariably  dies 
in  winter  if  sown  upon  land  recendy  ploughed;  while,  if  the 
stubble  land  before  sowing  be  sunply  scratched  by  light  har- 
rows, and  after  sowing  omipressed  with  a  heavy  roller,  it 
will  stand  the  winter. 

Sprengd  remarks  that  the  clovers  delight  in  a  close 
topped  soil,  or  one  which  admits  no  great  quantity  of  oxygen 
to  die  roots.  The  best  dover  grown  in  Great  Britain  is  upon 
the  warp  soil  in  Marsh-land  near  the  river  Humber,  for  not 
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oidy  18  aich.ai80ftl  dry  Jiiid  compact,  but  it  abouncU  i»  micro- 
scopic animaldttlgy  Elirenberg  has  discovered  that  the  mud 
of  the  Tttriotiflliacbours  in.  Europe  is  composed  to  the  extent 
of  from  one^hird  to  cmcrhalf  of  its  Tolume  ef  digtingniflhaWe 
organic  bodies,  dbiefly  polythabmiia,  firom  the  nitrogw  of 
which  no  dgiAi'  these  aoils  deriye  their  fertility* 

The  cabse  of  the  failure  of  red  and  nrhiiie  clover  after 
harvest  beiqg  aacertalnedy  the*  remedy  is  easily  prescribed, 
for  fanners  have  many  vays  of  imparting  compactness  to  the 
soil,  namely,  hj  rolling  aad  presauog  the  surface,  by  d|ty- 
ing,  chalking,  and  lining  with  caustic  lime.  I  should  say, — 
Lome  the  clover  ley  when  broken  np  for  wheat,  press  the 
wheatj  and  abo  press  the  soil  tor  barley ;  and  after  harvest 
before  November,  roll  the  barley  with  a  heavy  roller ;  and 
the  probability  is  that  we  shall  hear  no  more  of  clpv^r-sick 
lands :  at  all  events,  the  remote  and  proximate  eauaesof  Ijhe 
disease  being  discovered,  I  kave  the  remedy  to  thte  ^armep. ; . 

^Agriculture,  as  a  science,  has  he&Et  for  a  long  period  in 
the  .same  state  in  which  die  healing  krt  was  iH  the  days  of 
the  celebrated  barber-surgeon  Parft — a  system  of  eropirfeisin 
— a  few  recipes  applied  ladberiminatrfy  to  all  cases,  und^ 
all  circumstances,  witibout  any  pathologpioal  knowledge  f4  A» 
morbid  tissues  or  fluids  of  the  organism  to  which  ihe  rj^medy 
was  to  be  applied.  But  a  brighter  day  is  beaming ;  jthj»  $un 
is  already  dbove  the  horixon.  If  there  arose  for  t^e  ad* 
vancement  of  medicine  a  Harvey  who  diseovered  tha  oincor 
lation  of  the  blood,  there  has  now  sprung  up  for  th^  adv^toce? 
ment  of  agriculture  a  Liebig,  who  has  discovered  haw  simply 
the  Great  Creator  forms  that  blood  from  the  sap: of  vjB^etf 
ables — in  what  manner  it  conveys  heat  to  every  part  of  the 
body— from  whence  it  derives  its  ni^iot  partides,  and 
which  must  be  given  to  animals  in  those  vegetables  whicb 
coqtam  them,  according  as  the  animal  is  intended  to  be  kept 
lean  or  &t     If  for  medicine  Bechat  and  Baiilie  ^bseried 
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file  diBeased  aetknui  of  the  hodjTi  wd  described  the  yarious 
forms  and  atagOB  vjuch  the  tiasiiea  asspiie  under  Aai  actke% 
«~if  Laennec,  by  au8ptt}iatio(Q»  added  another  «iaose  towards 
Ae  diseavery  of  di^eaMS  ixi  the  wimal  frame,  JLielngi  Boiuh 
singaidt,  and  Spreag^U  for  agricultiiTCb  hy  exhibiting  the 
most  perfect  aoalyses  of  soiia,  and  ahoviog  the  reqniremeiits 
of  the  land  oo  &e  one  haad^-p-and  by  affqr^ng  tables  made 
wiHi  the  most  exquisite  akill»  oootauiJiig  the  oompoeition  of 
cokiyated  plaatsy  ob  the  pther^-^haye  taught  us  the  true 
princii^es  upon  which  we  are  to  inyestigate  Ijie  causes  of 
failure  in  our  crtqis,  and  tbe  wwt  of  ftirtility  in  tiie  soiL 
If  for  medicine  Sir  Charles  Bell  dipeorered  the  fmctieoB 
of  the  neryes  of  yolition,  and  of  the  nenres  of  8ensatH>iV*^ 
the  analogy  of  the  trifacial  p&rwe^  both  ia  strvptur^  and 
fancticHiB,  to  the  ^iaal  neryesy^-^aad  thetri^uB  reapira^ 
tiMrius  of  tb0  i^inal  cohuQl^-^I4ebig,  lor  ^igr jcnUmre,  Jiaa 
^scoveted  the  ^origin  md  sourpe  pf  the  vital  <chemiqal  aad 
mechanical  forces  in  the  whole  animal  organismr-^the  .adapts 
a&m  of  the  Ule  tp  the  purposes  of  resphratjoiif — the  whr 
lernency  of  the  exewnpntitious  waste  pf  bgdievin  ^e  great 
cycle  of  the  tiransformatipn  p/  Nature^  to  ^9  pr^ductipil  pf 
cr^^  Wd  Ihp  ^appprt  pf  ll^  humin  iq)pci» 


Dr^  BupiLiiAir^  taid}  that  curcunfstaQces  had  hitherto  piB* 
Ffnted  him  from  ei(preisi|ig  his  sinpero  thanks  to  the  ^ocietyy 
for  haying  on  a  fonmr  occadpu  pl^cted  him  an  honorary 
mamher^  Bayiiig  ^rfornoed  that;  dutyt  h^  iK^w  wished  to 
thai^  Xr*  Thorp  for  the  v»lpahle  Pispar  vhi^  he  had  jn^t 
lead.  K  was  indMd  a  matt^  of  grant  importance  tiu4 
i^^olturp  te4  attidyied  the  povitiQii  which  it  n(m  enjoyed  3 
that  chemical  invf^etigatiw  was  bebig  applied  so  succesrfuUy 
to  thoM  pursuits  pn  which  the  gtowth  of  the  food  of  maiw 
hind  depended.  Mr*  Thorp  had  giyen  an  able  analysis  0t 
Profeiafir  IM^^  worh,  whieh  had  opened  a  new  field  for 
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flcientific  research ;  but  the  facts  now  brought  forward  proved 
that  something  more  was  requisite  than  a  knowledge  of  the 
chemical  constituents  of  the  soil ;  for  it  appeared  that  while 
crops  of  cloyer  had  fuled  on  soil  which  apparently  contained 
every  element  of  nutrition,  they  had  flourished  upon  land  that 
was  inferior  in  this  respect ;  and  it  followed  that  the  mechan- 
ical condition  of  the  soil,  Le.  its  compact  or  loose  state,  was  a 
matter  to  be  attended  to  in  considering  the  causes  of  fertility 
and  barrenness.  He  had  lately  seen  an  instance  corrobora- 
tive  of  Mr.  Thorp's  views,  where  a  sandy  soil  had  become 
compact  from  the  constant  treading  of  horses,  and  now  for 
the  first  time  was  covered  with  a  luxuriant  crop  of  white 
clover. 

Dr.  Daubbmt  then  rose  and  said, — Ten  years  ago,  when 
he  came  from  Geneva,  he  was  fully  impressed  with  the  truth 
of  the  theory  that  every  plant  excretes  a  certain  substance 
which  is  poisonous  to  itself,  though  it  may  prove  nutritious  to 
others.  He  had  made  experiments,  and  although  the  result 
arrived  at  showed  that  a  deterioration  takes  place  in  ground 
not  manured,  yet,  it  did  not  appear  that  in  the  generality  of 
crops  the  excretions  which  plants  throw  out  are  poisonous* 
He  would  not  dwell  on  the  explanation  offered  by  Mr.  Thorp, 
but  he  might  mention  one  circumstance  with  regard  to  clover, 
which  was,  that  some  planted  near  a  margin  of  box  had 
grown  luxuriantly.  It  would  seem  that  it  was  not  owing  to 
the  soil,  but  Ihat  it  was  owing  to  a  nutritious  matter  which 
had  been  supplied  by  the  box.  He  would  just  allude  to  one 
effect  which  might  confirm  one  part  of  Mr.  Thorp's  state- 
ments, respecting  the  necessity  of  warmth  for  a  reduction  in 
the  food  of  ammals.  Two  swarms  of  bees  had  been  put 
together,  and  the  mutual  heat  communicated  to  each  other 
was  such,  that  they  actually  consumed  less  food  than  one 
swarm  would  have  eaten  if  they  had  been  separate.  He 
would  conclude  with  these  observations,  and  with  expressing 
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the  honour  he  felt  at  being  connected  at  this  meeting  with 
-die  distinguished  persons  around  him. 

Dr.  Lyon  Platvair  briefly  returned  thanks  to  the 
Society  for  having  elected  him  one  of  its  members. 

Professor  Libbig  made  a  few  observations  in  the  Grerman 
language,  and  at  the  request  of  the  Chairman,  Dr.  Lyon 
Playfiiir  stated  that  Professor  laebig  had  said,  that  owing  to 
his  ignorance  of  the  English  language,  he  was  unable  to 
express,  except  in  his  native  tongue,  his  thanks  for  the 
honour  ihey  had  conferred  upon  him  in  electing  him  a  mem- 
ber of  ihe  Society.  

The  Chairman  then  called  upon  Mr.  Hamertcni  to  read 
the  following  paper. 

ON   ARBORICULTURS, — ^BT  JAMBS   HAMXRTON,    BSQ.^   HBLLN 
TIBLD  PBBL,   SKIPTON. 

I  purpose  ia  the  following  remarks  to  demonstrate  the 
great  loss  which  gentlemen  suifer  in  the  management  of  their 
plantations,  by  keqmig  too  many  trees  on  the  ground,  a  treat- 
ment by  which  they  can  neter  arrive  at  maturity.  I  next  wish 
to  make  intelligible  the  great  and  valuable  increase  of  wood 
annualfy,  where  trees  have  room  allowed  to  grow;  also  the 
injurious  effects  of  injudicious  pruning  off  large  brandies. 
I  do  not  mean  to  object  to  what  may  be  done  with  tke  knife 
in  a  state  of  infancy,  wben  trees  are  under  six'feet  high :  my 
observations  are  aimed  at  pruning  off  large  branches  with  the 
axe  and  saw.  I  purpose,  by  drawings  taken  from  nature,  to 
put  it  -in  the  pow^  of  any  getttleman  to  know  and  calculate 
what  per  cent  he  is  obtaining  by  the  annual  increase  of  his 
timber.  These  are  the  great  national  advantages  I  wish  to 
exhibit  to  view,  than  ^wfaich  I  know  not  any  of  greater  im- 
portaace. 

I  will  ndt  allow  myself  to  give  the  names  of  the  owners  of 
woods  and  plantations  from  which  my  specimens  have  been 


Digitized  by  VjOOQ IC 


44 

taken,  for  fear  of  misconstruction  of  my  motives,  or  I  could 
mention  some  who  are  losing  mawf^  moBoy  thousands,  by  their 
aqgl^ng  to  cut  away  trees  in  time, — tbure  are  many  in- 
stances in  this  county,  particularly  in  the  East-iidii^» 

It  isTiot  well,  when  endea?ouring  to  divest  people  of  old 
pn^udicev  and  customs,  to  encumb^  them  with  elaborate 
details;  men  are  apt  and  prone^  when  such  a  system  is 
adopted,  to  ?iew  the  matter  as  too  abstruse  for  Aeir  con- 
sideration, and  le&rYe  it  to  cold  neglect.  My  details  will  be 
found  as  few  ^  posu^ble.  It  is  the  otject  of  the  pres^it 
paper  to  place  before  the  gentlemen  of  England  the  advan- 
tages of  cultivating  timber, — ^by  a  great  number  little  regarded 
or  even  thought  of. 

I  have  endeavoured  to  bring  the  public  to  try,  what  I  may 
term  an  issue — via.  tmely  thiiming  cf  trees — wi^ut  allowing 
the  mind  to  be  distraoted  with  ottier  considerations.  I  have 
broi^t  what  evidence  I  wae  able»  to  entide  me  to  a  verdict ; 
and  when  the  mind  is  directed  to  one  sabject^  ite  powers  are 
not  concentrated  in  vain,  since  the  fitintdst  rays,  if  collected 
into  a  focos,  can  produce  some  iUnminatioik  It  woidd  almost 
seem  to  be  the  intention  of  man  to  prevent  a  taree  becoming 
timber,  rath^  than  to  etioourage  it 

Visible  rq^resentations  strike  thid  mind  more  fbrdUy  than 
nmrk  description^^  It  is  therefere  presumed  that  subs^ 
quent  illiistestions  will  be  an  acquisation,  by  bringing  vividly 
to  the  imaginatioa  objects  of  which  only  an  imperfect  idea 
could  otherwise  be.  formed,  Und  that  they  will  consequently 
render  these  obeervatioBs  more  intdligible  to  the  general 
reader. 

I  tread,  I  believe,an  untrodden  path;  but  I  could  widilhlut 
all  might  travel  the  same,  and  convert  it  into  a  highivay*  I 
am  well  assured  that  there  is  not  any  subject  more  deserving 
of  the  attention  of  mankind  than  arboriculture.  Perhaps,  not 
in  any  way  can  money  and  time  be  ezp»ded  to  more  advan- 
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tage  than  in  tbe  cuttiire  of  foredt  tveisd.  I  have  not  written 
this  merdy  to  intrude  my  opiaioBe  on  the- worid^  but  to  exisite 
attention — ^to  raae  out  rotten  opinkni — to'  provoke  inqtnrj'*-* 
to  bi^tfe  with  |ffeja£6e — and  to  dispel  the  doabta  and  ftlars 
wlneh  many  gentleoien  of  krge  landed  estates  ea^rtain. 
I  win  not  here  diaciiss  the  beanty  and  valae  of  treeoy  whieh 
generaBy  go  togedier;  but  witt -confine  n^flblf  move  totheiv 
aetnal  improved  value  in'  solid  cnbie  feet;  and  there  ia- die 
ad£tiehal  value  ^ri?ed  in  many  instances  from  their  dMiter 
m  moimCainons  districts  giving  birth  tea  more  valuable  her* 
hage;  and  lastiy,  in  many  instances^  affording  shelter  to*  th9 
domakt. 

Agriculture  in  all  ite  branches  iadvanceswHh  rapid  d^des^ 
ttongh  yet  capable  et  t&^  great  improveaient:  But  while 
agrienltare  advances^  arboricnlte^e  remains  stationary, — t 
may  indeed  say  retrogrades,  since  a  very  great  majority  of 
the  plantations  of  the  present  day  are  neVer  lik^  to  prodttce 
die  timCer  of  former  ages. 

Tbe  objects  of  horticulture^  its  kindred  sdenee,  are  stuped 
with  every  possible  care  and  attention;  even  mushrooms  are 
tended  with  a  nurse's  care;  while  the  oak,  not  only  the 
pride  of  England,  but  of  the  world,  and  from  which  we  obtain 
the  chief  material  of  our  navy,  the  bulwark  of  omr  country,  is 
left  to  thrive  or  rot,  almost  unheedied  and  forgotten.  Most 
pec^Ie;  think  that  when  a  tree  is  planted  intbe  grovtnd  the 
planter^s  care  is  ended :  Aid  is  a  very  common  and  pemickms 
error.  It  ought  never  to  be  forgotten,  that  a  num  may  under^ 
atand  the  plan^g  of  a  tree,  while  he  is  totally  ignorant  of  its 
culture :  both  are  essential  to  the  planter's  ultimate  suceesa 
The  former  knowledge  is  ceounon ;  every  gardener  knbws 
somedung  of  it ;  it  is  also  difiiised  in  books,  in  whbh  he  who 
reads  may  be  able  to  practise  with  tderaUe  suocess ;  but  this 
is  not,  I  apprehend,  the  case  with  the  latter. 

There  is  great  necessity  for  investigating  this  subject,  when 
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it  rnny  probably  appear  ihat  the  scarcity  of  such  knowledge  is 
in  a  considerable  d^ee  the  true  cause  of  the  scarcity  of 
timber.     ^<  Felix  qui  potuit  rerum  cognoscere  causas." 

It  is  many  years  since  the  subject  first  engaged  my  atten- 
tion, when  I  resorted  to  books,  from,  which  I  derived  nothing 
but  perplexity  and  disappointment,  and  it  appeared  eyident  I 
could  obtain  little  assistance  from  that  quarter.  From  books 
I  turned  to  woodmen,  and,  with  some  exceptions,  with  similar 
success.  I  then  had  recourse  to  nature  and  reason^  from 
which  I  have  collected  all  I  know  with  any  tolerable  certiunty 
on  the  subject  Evelyn,  in  his  *^  Silva,''  says  that  owners 
<<  appear  to  have  paid  no  attention  to  this  subject,  though  it  is 
<<  their  interest  so  much  to  do."  It  has  been  said  that  timber 
is  only  an  excrescence  to  pay  peop^e'a  debts  with,  and  no 
4oubt  many  woods  have  been  cut  down  for  that  purposCi 
Few  writei^s  appear  to  be  fully  aware  of  the  importance  of 
the  subject,  and  the  generality  of  managers  appear,  by  their 
works,  to  be  no  better  informed  as  to  the  rate  at  which  timber 
increases  in  value,  though  Evelyn  has  given  them  broad  hints 
of  it.  He  says  that  country  people  know  that  trees  consist 
of  roots,  stems,  boughs,  and  leaves,  &c.  &c,  but  cannot  give 
any  account  of  the  species,  virtues,  pr  further  culture,  than 
making  a  pit  or  hole,  and  treading  in  the  earth ;  and  they 
seldom  plant  trees  till  they  grow  old«  and  find  by  experience 
the  prudence  and  necessity  of  it ;  and  there  i?  no  port  of 
husbandry  which  men  more  commcin\y  fail  in,  neglect,  and 
have  cause  to  repent  of,  than  that  they  did  not  begin  to  plant 
betimes,  without  which  they  cannot  expect  much  fruit  from 
their  labours. 

In  all  the  books  I  have  read  on  the  subject  of  arbori*- 
culture  by  Evelyn,  Duhamel,  Pontey,  Boutcher,  Monteath, 
&c,,  instructions  are  given  to  enable  planters  to  know 
what  trees  to  plant  on  particular  soils  and  situations  ;  various 
experiments  as  to  the  strength,  growth,  and  qualities  of 
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wood ;  wliat  distance  to  plaot  trees  asunder^  &c. ;  but  no 
book  with  which  I  am  acquainted  points  out  the  injuries  con- 
sequent on  the  present  system  of  keeping  all  the  trees  on  the 
ground  as  they  were  pkinted,-**too  frequently  pursued, — ^with 
the  exception  of  a  small  paper  in  a  horticultural  magazme» 
written  by  Mr.  Joshua  Major,  of  Knostrop,  near  Leeds. 
Trees  are  usually  phmted  of  the  height  of  two  feet,  and  at 
duree  or  four  feet  asunder,  and  if  this  distance  is  considered 
soflicient  in  the  beginning,  why  is  it  not  considered,  right  to 
presenre  a. similar  proportion,  at  least  in  some  degree^  as  they 
girow  tip?  and  I  find  I  am  supported  in  that  opinion  by  Mr^ 
Major,  that  they  are  aUowed  to  remain  as  th^  were  planted  \ 
I  win  giye  Mr.  Major's  own  words.  He  says — ^<  I  find 
^'  wherever  my  profession. calls  me^  I  observe  very  great  and 
<<  glaring  defects  in  plantatiotis,  arising,  in  nine  cases  out  of 
^  ten,  from  the  want  of  early  and  judicious  thinnings.  Now 
*'  codd  we  persuade  gentlemen,  and  persons  who  have  the 
«  management  of  plantations,  to  commence  thinning  a  few 
^  years  after  planting,  iind  to  continue  to  do  so  once  in  two 
*^  or  three  years,  as  it  is  necessary,  the  defects  I  complain  of 
**  would  be  prevented,  and  the  object  I  have  in  view  efiec- 
^  tually  attained.  We  generally  find  plantations  wholly  neg- 
^  lected  for  the  space  of  fifteen  or  twenty  years,  and  some- 
^'  tunes  even  longer,  and  that,  though  the  trees  were  planted 
**  at  no  greater  distance  than  three  or  four  feet  from  each 
*^  other :  such  management  must  cause  the  branches  to  decay 
^  and  fall  off,  and  consequently  leave  the  trees  little  better 
*^  than  naked  poles,  miserably  ill  calculated  to  form  a  screen 
^'  or  to  ornament  the  surrounding,  landscape  :"  I  may  add, 
with  only  a  brush  at  the  top,  and  I  appeal  \o  any  one  conver- 
sant with  mechanics,  what  tremendous  power  the  wind  would 
have  upon  trees  10  or  12  yards  high,  and  having  little  root 
bokL  But  it  is  perhaps  useful  that  such  as  Mr.  Major  has 
described  should  here  or  there  be  preserved  for  the  benefit  of 


Digitized  by  VjOOQ IC 


48 

plryst^  floieUce^  as  by'  the  aaatomy  of  dtstortiMi  and  propor* 
tkHi,'  w«' leant  to  aieasare  Hie  harmoiiy  of  grace  mai  beauty. 
Mr.  Major  repreeents  Miiiself  as  farciUy  Btrubk  with  the 
necessity  of  Bomething  being  *40O»  ma  a  subject  eo  iBi|K)rtaiity 
he^Jte^^noCi^sedpkntlLtioiiB  tiiat  Ead  stood  at  least  thirty^ 
years^,  the  tt^es  liot  mote  than  fi^m  three  to  four  feet  distant^ 
and  toCidly  neglected.  He  mentions  that,  in  onenobleniaii*B 
grounds,  several  masses  of  silyer  firs,  which  would  have  beeii 
the  finest  of  thc^  kind  he  had  erer  seen-  had  they  been  prqperly 
managed,  bdng  from  seventy  tO' eighty  feet  high,' were  destitnte 
of  brancftfes  to  withm  ten  and  twelve  feet  of  the  top,  instead 
of  l)etng  fumisbid  nearly  to  the  gromid^  as  ihey  might  have 
been,  had:  they  been  planted  at  a  propet  distance  at  first 
ISe  finally  adds^  ^  these  are  xlM  mere  ftacifal  observations^ 
^C'tbey  are  the  rescdt  of  attentive  viewSw" 

Independent  of  this  injorlous  fffstem,  I  caatiot  consider 
any  thing  so  ofiensive  to  the  eye-of  a  man  of  taste,  as  one 
tree  dying  under  the  eliade  of  another,  nor  any  thing  which 
common  sense  would  more  i^spudiato  The  sickly  tree  can 
nevJer  arrive  at  maturity  ita^tf,  bnty  while  it  remams  standing;; 
will  rob  the  good  one,  its 'immediate- neighbour^,  which'  might 
arrive  at  maturity,  of  ihe  nonriahment  which  diould  go 
towards  its  support;  but  such  thrngsl  hsve  too  often  been 
obliged  to  witiEiess. 

Talk  to  sotne  people  of  medumics  and  mniiifiBbctureB,  the 
value  of  canal  and  railway  shares,  the  great  rivals  of  the  pre^ 
sent  day,  and  they  will  give  you  ilieir  attention^  while  to  dds 
JBubJeet  tibey^tum-  a  deaf'  ear^  and  allow  their  woodi  and 
plantations,  whioh  holdi  oui  sncli  great  profits,  to  go  com- 
paratively to.  ruin*  Shonid  iany  4>ne  have  a  yeung  wbod,  and 
commence  cutting  away  a  certain  portion  of  it  every  year, 
he  is  reported  to  be  wasting  his  property,  whereas,  bytakiDg 
a  certedn  portion  out  annuaDy,  he  puts  mon^  in  his  poekel, 
and  is  at  the  same  time  laying  by  a  sinking  fund  in  the 
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improved  value  of  that  which  is  left  standing,  which  every 
succeeding  year  increases,  if  not  in  number,  in  value  :  and  if 
any  one  will  observe  a  young  wood  in  which  the  trees  are 
very  dose  on  the  ground,  he  will  always  find  the  finest  at  the 
outside,  where  more  air  and  light  is  obtained. 

If  trees  are  planted,  and  too  many  are  kept  on  the  ground 
and  allowed  to  stand  without  any  being  taken  away,  a  morti- 
fication of  the  root  takes  place,  the  whole  plantation  suffers 
in  healtli  and  becomes  stunted  in  growth,  and  moreover 
there  is  no  mode  of  thinning  it  afterwards  to  keep  a  proper 
crop  of  trees  on  the  ground. 

If  an  acre  of  ground  contain  a  certain  quantity  of  organ- 
izable  matter,  and  4840  trees  are  planted  at  one  yard  asunder, 
each  tree  obtains  a  proportional  part  of  it ;  if  half  are  taken 
away,  each  tree  will  obtain  a  double  portion  and  grow  so 
much  the  quicker,  and  a  tree  of  thirty  inches  circumference 
will  be  of  more  value  than  two  trees  making  the  same  quantity 
of  wood  jointly.  As  a  farmer  would  calculate  how  many 
head  of  cattle  his  pasture  will  keqp,  so  may  I  calculate  how 
many  trees  my  land  will  support  A  little  learning  is  said  to 
be  a  dangerous  thing,  and  I  know  not  that  it  can  be  more  ap- 
plicable than  in  the  observations  made  to  me  by  some  few  with 
whom  I  have  conversed,  viz.,  that  trees  will  bring  up  each 
other  when  planted  close.  I  will  not  deny  this  position  as  to 
a  certain  number  of  years,  but  afterwards  they  will  inevitably 
try  to  kill  each  other,  and  generally  succeed.  Trees  may  be 
kept  crowded  or  apart,  according  to  the  object  aimed  at  in 
their  cultivation^ — as  for  hop-poles,  or  as  saleable  under- 
wood ;  but  I  must  be  always  understood  to  speak  of  -  raising 
timber  J  and  it  is  that  alone  for  which  I  use  my  pen.  I  observed, 
for  many  years  a  plantation  of  two  or  three  acres,  near 
Blackburn,  in  Lancashire,  principally  composed  of  Spruce 
and  Scotch  firs,  planted  at  three  or  four  feet  apart, — which 
were  allowed  to  remain  at  the  same  ^stance, — and  perhaps 
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eight  or  ten  yards  high :  these  had  drawn  each  other  up 
to  their  ruin :  a  high  wind  broke  in  upon  and  laid  them 
nearly  level  with  the  ground  :  the  axe  was  then  put  in  re- 
quisition,  and  the  plantation  is  now  no  more.  This  must  be 
the  fate  of  a  great  number  in  England.  I  heard  a  gentleman 
once  assert  that  full  three-fourths  of  the  young  trees  of  the 
present  day  will  never  arrive  at  maturity.  A  nobleman  in  my 
own  neighbourhood  has  observed  to  me,  that  he  had  great 
pleasure  in  planting,  but  could  not  give  orders  to  cut  them 
away ;  this,  I  fear,  influences  many  others,  and  is  a  most  mis- 
taken clemency.  One  very  great  evil  I  will  mention  as 
most  destructive  to  a  wood;  it  is  admitted  that  when  the 
trees  are  too  close,  many  ought  to  be  taken  out;  but  the 
owner  refuses  to  do  it  because  wood  is  selling  at  a  low  price, 
and  year  after  year  he  allows  his  trees  to  remain  injuring 
each  other ;  he  would,  however,  add  more  to  the  value  of  the 
estate  if  he  cut  a  number  out  and  allowed  them  to  rot  on  the 
ground.  Another  vile  practice  I  will  here  name :  the  owner 
of  a  wood  wants  money,  and  directs  his  agent  to  cut  down 
some  wood,  who  obeys  his  master's  directions,  and  cuts  away 
the  best  trees,  those  which  will  produce  the  most  money  being 
always  the  most  healthy  and  thriving.  In  this  way  I  have 
known  one  wood  treated,  which  exhibits  at  this  day  a  most 
miserable  spectacle. 

There  is,  perhaps,  no  greater  hindrance  to  the  proper 
management  of  plantations  than  game,  particularly  where  it 
is  the  hobby  of  the  owner,  who  rides  it  full  gallop.  A  hobby, 
Sterne  has  said,  is  the  most  useful  animal  in  the  world,  so 
long  as  the  owner  only  rides  it  at  a  gentle  canter.  I  might 
as  well  get  permission  to  pull  down  the  mansion  as  to  enter 
with  the  axe  one  of  these  pet  covers,  which  are  generally, 
when  arrived  at  twenty  years  of  age,  go  crowded  and  drawn 
up  that  they -are  little  better  than  hop-poles,  and,  baring 
no  underwood,   cease  to  be  even  good  covers  for  game. 
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Here,  then,  is  a  two-fold  disadvantage, — no  cover  for  game 
on  the  one  hand,  and  on  the  other  the  trees  are  not  ar- 
riving progressively  at  timber,  whereas  by  the  contrary 
management  both  would  have  been  obtained.  When  a  wood 
is  thinned,  having  been  previously  neglected,  the  trees  that 
are  left  standing  being  suddenly  exposed  to  the  blast,  often 
give  way :  if  they  do  not  fall,  they  are  wind-shaken :  the  owner 
might  at  once  take  them  down,  since  there  is  not  any  way  to 
support  a  tree  of  thirty  or  forty  years'  growth  effectually. 

A  certain  portion  of  underwood  is  considered  of  great 
utility  to  trees,  by  facilitating  their  growth,  keeping  them 
fresh  and  healthy,  and  their  roots  moist  and  warm ;  and  should 
a  tree  be  destroyed  by  lightning,  or  in  any  other  way,  another 
may  be  reared  I  have  observed  often  that  where  the  bole  or 
stem  of  a  tree  had  previously  been  covered  with  moss,  and 
some  neighbouring  trees  were  taken  away,  some  leaves  then 
came  from  the  stem :  could  any  one  doubt  this  being  a  signal 
of  improved  health  ?  A  clean 'skin  is  most  essential  to  health 
either  in  vegetable  or  animal.  When  a  plant  breathes  it 
makes  use  of  its  skin,  since  it  has  not  any  mouth,  and  through 
all  parts  of  its  skin  where  it  is  green,  air  is  flying  off  and 
rushing  in  incessantly.  All  that  a  plant  wants  is  a  little  food 
which  is  supplied  by  water  with  a  small  quantity  of  common 
soil,  and  plenty  of  light.  A  plant  rejoices  in  the  light ;  it 
feeds  fast,  it  digests,  and  a  thrill  of  delight,  as  it  were,  passes 
through  it  when  the  sun's  beams  first  strike  it  in  the  morning 
after  a  long  night's  rest.  Compare  only  the  rich  green  leaves 
of  the  forest  glade  with  the  weakly  slender  starvelings  that 
are  stretching  upwards  in  the  gloomy  shadows  of  choking 
plantations !  I  think  it  the  most  beautiful  thing  in  nature  to 
see  the  sun  glimmermg  through  the  trees  full  of  life,  splen- 
dour, and  joy ;  the  underwood,  even  to  the  fern,  apparently 
participating  in  the  genial  influence.  Trees  should  not  be 
nearer  to  each  other  than  to  allow  the  underwood  to  grow  up 
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underneath ;  there  should  not  only  be  fine  trees,  but  also,  1 
may  say,  children  and  grand-children  rising  up  to  supply 
their  places  when  vacant  by  death :  where  underwood  will  not 
grow,  I  will  venture  to  a£Srm  that  the  trees  are  too  near  each 
other.  I  have  never  given  a  tree  so  much  room  that  I  have 
had  occasion  to  repent  of  it ;  it  has  increased  so  much  in  bulk 
that  I  have  been  induced  to  use  the  axe  with  even  more  free- 
dom the  following  year.  In  cutting  out  trees  I  profit  in 
two  ways, — ^first,  by  the  va\ue  of  the  trees  I  take  away 
and  sell ;  secondly,  by  the  greatly  improved  value  of  those 
which  remain  on  the  ground.  Where  all  are  allowed  to  remain 
as  they  were  planted,  there  is  present  loss  and  future  riun. 
After  thirty,  or  sometimes  fifty  years,  they  will  only  con- 
tinue to  exist  so  long  as  they  assist  and  support  each  other. 
Divested  of  their  lateral  branches  and  leaves,  they  are 
deprived,  as  it  were,  of  their  lungs,  and  are  barely  kept  in  a 
lingering  state  of  existence  by  the  few  top-most  shoots,  that 
in  the  struggle  for  life  have  forced  their  way  to  the  light. 
When  at  this  age  some  are  taken  away,  the  remainder — ^long 
consumptive-boking  poles — ^if  able  to  stand,  only  drag  on  a 
miserable  existence,  but  most  likely  fall  an  easy  prey  to  the 
first  blast. 

The  healthy  tree  thrusts  out  its  roots  in  greater  number 
and  to  greater  distances,  and  is  thus  enabled  to  extract 
nourishment  from  s^  greater  extent  and  depth  of  soil  than  can 
ever  be  reached  by  the  sickly  plant ;  it  expands  larger  and 
more  numerous  leaves,  and  can  thus  extract  from  the  air 
a  greater  quantity  of  the  food  which  is  fitted  to  supply  the 
wants  of  the  living  vegetable.  It  must  be  obvious,  that  if 
plants  are  closely  crowded  together,  their  roots  must  go  to 
the  same  place  for  nourishment,  which  they  wiU  soon  ex- 
haust, and  therefore  become  more  or  less  starved,  while  their 
branches  and  leaves,  by  continually  interfering,  must  prevent 
the  free  circulation  of  the  air.    When  a  number  of  young 
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trees  are  planted,  they  require  a  certain  portion  of  organs 
ixable  matter  for  their  support,  and  aa  trees  increase  in  size 
they  require  more  nourishment ;  but  at  the  time  they  require 
more,  men  gire  or  allow  them  less ;  and  if  all  remain  on  the 
ground  as  planted,  how  is  it  possible  that  they  should  ever 
become  timber  trees  ?  how  can  any  animal  get  fat  without 
plenty  of  food  ? 

In  Professor  Henslow's  opinion,  the  power  of  ramification 
inherent  in  the  roots  is  the  most  beautiful  instance  of  design 
that  we  meet  with  in  so  fertile  a  field  as  that  of  Tegetation ; 
it  compensates  for  their  want  of  power  of  moving  from  place 
to  place;  but,  when  trees  are  crowded,  this  power  is  very 
much  circumscribed.  The  principal  roots  may  be  considered, 
as  the  great  arteries  which  conrey  the  sap  to  the  stem,  and 
the  small  fibres  as  indispensable  auxiliaries,  with  their  thou- 
sand mouths  running  in  every  direction,  sucking  in  all  the 
fluids  which  present  themselves,  and  conveying  them  to  the 
principal  roots,  whence  they  are  passed  into  the  stem. 

Planting  and  subsequent  management  of  trees  are  totally 
distinct,  though  both  are  essential  to  ultimate  success.  Many 
gendemen  there  are,  I  firmly  believe,  who  think  there  is 
nothing  more  to  be  done  after  the  tree  is  put  into  the  ground; 
and  the  rewards  given  by  the  Society  of  Arts  in  the  Adelphi 
have  been  premiums  given  for  the  greater  number  of  trees 
planied,  without  any  regard  to  their  after  cultivation. 

Another  and  main  consideratiop  is  the  leaf.  If  trees  stand 
too  near  to  each  other,  they  cannot  throw  out  leaves  sufficient 
to  obtain  support  from  the  air ;  the  tops  only  being  exposed 
to  the  light,  are  drawn  up,  and  the  trees,  if  not  thinned  out, 
become  too  tall  to  be  supported  by  the  strength  of  their  bole. 

During  the  day,  and  while  plants  are  exposed  to  the  influ- 
ence of  the  light,  carbonic  acid  is  absorbed  by  them,  and 
decomposed,  the  carbon  alone  being  retained  in  their  struc- 
ture while  the  oxygen  is  given  off.     During  the  night,  and 
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when  light  is  withdrawn,  this  process  of  decomposing  car- 
bonic acid  cannot  go  on.  Plants,  therefore,  can  only  derive 
nourishment  when,  in  consequence  of  the  influence  of  light, 
they  are  able  to  effect  its  decomposition.  When  trees  are  too 
crowded,  and  so  dose  to  each  other  as  not  to  receive  any 
light,  do  they  not  live  in  perpetual  night,  never  able  to 
decompose 'and  receive  any  carbon,  without  which  a  tree 
cannot  prosper?  A  branch  from  an  apple  tree  was  sepa- 
rated, and  introduced  into  water  connected  with  a  mercurial 
gauge  when  the  leaves  were  upon  it :  it  reused  the  mercury 
by  means  of  the  ascending  juices  to  four  inches ;  but  a 
similar  branch,  from  which  the  leaves  were  removed,  scarcely 
raised  it  a  quarter  of  an  inch.  The  use  of  carbonic  acid  in 
the  atmosphere  seems  to  be  in  affording  nourishment  to 
plants.  It  is  formed  during  fermentation,  combustion,  putre- 
faction, and  respiration,  and  a  number  of  other  operations 
taking  place  on  the  surface  of  the  earth,  and  there  is  no 
process  known  in  nature,  by  which  it  can  be  destroyed,  but 
vegetation. 

The  food  on  which  vegetables  live  enters  by  the  roots  and 
leaves  of  plants  ;  the  leaves  under  the  influence  of  the  sun 
decompose  the  carbonic  acid,  and  give  off  its  oxygen  and 
retain  its  carbon,  and  the  carbon  unites  with  the  elements 
of  water  in  the  sap,  and  forms  those  several  compounds  of 
which  plants  chiefly  consist  Plants,  it  would  appear,  are 
destined  by  Providence  to  purify  the  air,  which  is  loaded  with 
carbonic  acid  from  the  lungs  of  animals,  and  give  out  a  fresh 
supply  of  oxygen  to  replace  what  is  taken  up  by  the  lungs  of 
animals.  The  influence  which  the  evaporation  of  the  leaves 
has  on  the  whole  atmosphere,  as  well  as  on  the  whole  earth, 
produces  very  extensive  effects.  The  French  complain  that 
with  the  diminution  of  their  forests,  their  vineyards  suffer. 

When  the  leaves  of  plants  are  accidentally  wanting  at  a 
period  when  their  presence  is  necessary,  as  for  example,  if. 
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for  a  particular  purpose,  they  are  stripped  off  a  tree  when  in 
a  growing  state,  as  is  done  in  the  mulberry,  or  if  the  hail 
destroy  them  when  the  tree  is  in  full  vigour,  a  vital  phenome- 
non ensues  which  partly  rq[>airs  the  injury  ;  all  the  latent 
buds  in  the  axils,  which  would  not  have  been  developed  till 
the  following  year,  grow  very  rapidly  and  form  new  leaves, 
and  if  by  any  particular  circumstance  this  phenomenon  does 
not  take  place,  the  tree  usually  perishes.  Vegetables  effect 
many  changes  in  the  food  they  take  up  through  the  leaves; 
as  when  many  different  kinds  of  fruit  are  produced  by  grafts 
from  the  same  stock.  All  distribution  of  the  leaves  is  con- 
nected with  the  functions  of  the  (Mrgans  ;  and  in  order  that 
the  action  of  each  may  be  properly  performed,  it  is  necessary 
either  that  the  leaves  be  far  apart  from  each  other,  or  that, 
within  a  given  distance,  they  cover  each  other  as  little  as 
possible ;  in  fact  it  will  be  seen  that  in  all  the  different 
systems  of  the  position  of  the  leaves,  it  results  that  those 
which  arise  immediately  above  the  others,  never  exactly  cover 
them — ^in  the  least  favourable  cases  the  third  covers  the  first, 
and  the  fourth  the  second ;  in  several  others  it  Is  the  sixteenth 
or  sometimes  the  fifteenth  or  twentieth  which  covers  the  first. 
Leaves,  in  presenting  to  the  winds  two  resisting  surfaces, 
more  or  less  considerable,  tend  to  produce  an  almost  con- 
tinual agitation  in  the  branches  of  trees  ;  and  we  know  from 
some  beautiftd  experiments  of  Mr^  Knight,  that  the  branches 
facilitate  the  progress  of  the  sap  and  the  growth  of  the 
trunk  :  trees  with  large  leaves  grow  more  rapidly,  and  serve 
for  the  secretion  of  different  juices. 

I  have  so  long  dwelt  upon  the  leaves  to  impress  upon  man- 
kind, if  possible,  their  value,  and  the  more  so  considering  that 
they  are  in  general  scarcely  thought  of  any  value.  Every  leaf 
bears  a  bud  in  its  axil,  and  every  bud  the  rudiment  of  a  new 
branch.  The  bud  is  placed  at  the  summit  of  a  fibre,  and 
communicates  with  the  medullary  sheath  by  the  medullary 
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rajs^  at  the  summit  of  which  it  is  situated,  and  communicates 
with  the  woody  fibre.  It  was  only  in  the  last  century,  when 
Priestley  led  the  way  to  the  discovery  of  the  constitution  of 
the  air  and  other  gaseous  bodies,  that  any  thing  approaching 
to  correct  ideas  respecting  the  nature  of  vegetable  substances 
was  entertained.  We  are  in  general  too  forgetful  of  the  air, 
yet  it  is  of  the  greatest  importance  to  all  our  daily  occupa- 
tions, even  to  life  itself,  both  vegetable  and  animal  So  &r 
from  encouraging  timber  to  grow,  man  does  all  in  his  pow^ 
ai^arently  to  prevent  it ;  he  keeps,  for  instance,  all  on  the 
ground  as  they  were  planted ;  and  as  if  that  were  not  suffi- 
cient, he  pruned  off  all  their  branches  and  leaves,  and  d^ 
prives  them  of  the  power  to  obtain  their  own  living. 

It  may  not  be  considered  inappropriate  if  I  here  mention 
some  of  the  giants  of  the  forest  in  England.  There  is  the 
Cowthorpe  Oak,  in  this  county,  within  eight  feet  of  the 
ground  16  yards  in  circumference:  when  compared  with 
this,  all  other  trees  are  but  children  :  it  is  reputed  to  be  600 
years  old.  There  is  the  Queen  Elizabeth  Oak,  at  Hunting- 
field,  in  Suffolk,  which  cannot  be  less  than  500  years  old. 
The  ash  may  be  styled  the  Y^us  of  the  forest,  from  the 
lightness  of  its  foliage,  the  graceful  sweep  of  its  branches, 
and  the  silvery  appearance  of  its  stem:  there  is  one  at 
Wobum,  90  feet  high  and  16  feet  in  circumference,  at  three 
feet  from  the  ground.  The  T(x*tworth  Chesnut,  mentioned  . 
by  Evelyn;  above  1000  years  have  rolled  over  its  green 
head.  There  are  the  fine  old  remains  of  a  magnificent 
tree  at  Cobham,  in  Kent,  29  feet  in  circumference^  three 
feet  from  the  ground;  its  exact  age — a  point  always  of 
difficult  and  uncertain  determination — is  conjectured  to  be 
about  1000  years.  The  Lime  tree  in  Moor  Park,  Hert- 
fordshire, whose  age  is  not  exactly  known,  has  a  circumfer- 
ence at  three  feet  from  the  ground,  of  17  feet  6  inches. 
The  Chippenham  Elm,  at  Chippenham  Place,  Kent,  is  15 
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feet  8  inches  in  circumference,  at  three  feet  from  the  ground. 

The  Crawley  Ehn  on  the  road  to  Brighton,  measures  61  feet 

in  circumference  at  the  ground. 

A  stately  forest  is  one  of  the  grandest  sights  in  the  crea- 

tion,  and  an  insulated  tree  the  most  heautifiiL 

H»l !  old  Pfttrician  trees,  so  great  and  good. 
Hail  1  ye  Plebeian  underwood. 

No  tree  in  all  the  grore  but  has. its  charms,  and  each  its 
charm  peculiar.  There  is  again  the  Shelton  Oak,  or  Owen 
Glendower's  Observatory,  on  the  road  side  near  Shrewsbury. 
Mr.  Billington  presented  to  Her  Majesty  two  oak  plants 
grown  from  the  acorns  of  this  tree,  which  are  planted  in 
the  gardens  at  Buckingham  Palace.  The  Duke  of  AthoFs 
larches,  at  Dunkeld,  are  known  to  every  one  in  that  part  of 
Scotland;  they  have  grown  upwards  of  80  feet  in  seventy 
years.  Twenty  of  them,  when  felled  at  the  age  of  sixty- 
four  years,  exceeded  100  feet  in  length  each ;  and  in  another 
instance  eleven  of  these  trees  were  sold  for  £150  to  ship- 
builders. In  short,  according  to  a  calculation  of  the  Duke's 
agents^  an  acre  of  larch  would  eventually  produce  consider- 
ably above  £1000.  We  have,  I  believe,  about  thirty  millions 
of  unprofitable  and  uncultivated  land  in  this  kingdom,  and 
if  even  half  of  them  had  been  planted,  a  century  ago,  we 
should  have  been  independent  of  all  foreign  supply,  and 
the  national  debt  would  almost  have  been  annihilated.  I 
cannot  omit  to  mention  the  Welbeck  Oak,  known  by  the 
name  of  the  Duke's  Walking  Stick,  now  blown  down,  and  the* 
Passenger  Oak,  19  feet  in  circumference,  recalling  to  the 
mind  Virgil's  description  of  a  similar  object, — 

Qu»  quantum  vertke  ad  auras 
iEUiereas  tantuni»  radioe  in  Tartara  tendit. 

The  duration  of  the  British  oak  is  almost  incredible.  I 
took  oat  of  Ethdbert's  Gateway,  at  Beculvers,  in  Kent, — now 
all  but  tumbling  down, — a  piece  of  oak  that  had  been  walled 
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in  with  the  original  building,  and  cutting  it  with  a  knife, 
found  it  apparently  sound,  when  the  bricks  were  crumbling  to 
pieces.     I  have  read  a  description  of  the  oak — 

Three  centuries  he  grovra,  and  three  he  slayi 
Supreme  in  state,  and  in  three  more  he  dies. 

Sir  Robert  Walpole  planted  with  his  own  hands  many  of 
the  magnificent  trees  now  the  pride  of  Houghton,  and  of  all 
the  actions  of  his  life,  this  was  one  which  seems  to  have  given 
him  the  most  gratification  in  the  performance,  and  the  moat 
pleasure  in  the  retrospect. 

More  free  from  peril  than  envious  Courts. 

Cicero  mentions  planting  as  one  of  the  most  delightful  occu- 
pations of  old  age ;  and  it  is  indeed  of  all  pursuits  the  most  dis- 
interested. He  who  puts  a  sapling  into  the  ground  is  morally 
certain  he  shall  never  live  to  enjoy  the  shade  of  its  matured 
branches;  but  he  enjoys  it  every  day  in  the  thought  that 
the  land,  which  to  his  predecessors  had  been  only  a  barren 
waste,  will  present  to  his  successors  a  scene  of  waving  beauty. 
Plantations,  ultimately  woods,  present  many  advantages,  and 
are  yearly  arriving  at  greater  and  still  greater  perfection  and 
value,  so  long  as  man  lives.  The  encouragement  of  trees  is 
not  only  a  pleasing  but  a  very  valuable  amusement :  it  is  also 
a  virtuous  employment,  particularly  from  the  love  we  ought 
to  bear  to  our  country  and  posterity.  I  am  aware  that  some 
will  ask,  what  might  be  made  of  so  much  money  put  out  to 
interest,  with  compound  interest,  in  fifty  years  ?  I  answer, 
that  at  the  end  of  fifty  ^ears  the  planter  or  his  son  will  re- 
ceive the  additional  value  with  all  other  incidental  advantages ; 
and  think  how  well  time  andmoney  have  been  expended,  proving 
a  source  of  wealth  to  their  families,  and  contributing  in  the 
mean  time  to  some  of  the  most  rational  and  refined  enjoy- 
ments of  life. 

No  one  has  carried  agriculture  and  arboriculture  to 
greater  perfection  than  the  late  Earl  of  Leicester,  better 
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known  as  Mr.  Coke,  of  Holkham,  whose  estate,  when  he 
came  into  possession  of  it,  was  little  better  than  a  rabbit 
warren.  I  have  been  through  some  of  his  woods,  in  com- 
pany with  his  agent,  who  obserred  to  me,  in  passing 
through  one  for  which,  fifty  years  ago,  Mr.  Coke  could  not 
ml  two  shillings  and  sixpence  an  acre,  that  rather  than  take 
that  small  sum,  he  planted  it ;  and  I  will  venture  to  assert, 
that  at  the  time  of  my  observation,  the  crop  of  wood  was 
worth  one  hundred  pounds  per  acre,  the  trees  being  about 
five  yards  apart.  What  a  very  small  part  of  this  sum  would 
the  accumulation  of  rent,  expense  of  planting,  &c  amount  to ! 
not  at  the  utmost  to  forty  pounds,  for  interest  and  compound 
interest ;  and  from  this  sum  should  be  deducted  the  profits 
arising  from  the  trees  taken  out  and  sold  in  that  period.  At 
Wells,  the  neighbouring  seaport,  I  saw  a  vessel  chiefly  built 
of  timber  raised  from  acorns  of  his  own  planting. 

I  could  mention  also  instances  where  the  female  sex  have 
not  considered  this  subject  beneath  their  notice ;  and  had  life 
been  spared,  one  illustrious  and  talented  lady,  most  probably, 
from  the  unwearied  anxiety  with  which  she  sought  after  prac- 
tical knowledge,  would  have  made  more  valuable  communi- 
cations, and  obtained  more  golden  medals.  Long  will  the 
Duchess  of  Rutland  be  remembered  by  the  Royal  Society. 

The  landowner  who  plants,  provides,  as  it  were,  a  sinking 
fund  to  resort  to,  should  any  event  occur  to  demand  an  extra- 
ordinary expenditure.  The  accomplishment  of  so  good  an 
example  may  be  realised  by  arrangements  which  require  but 
little  annual  expenditure  or  land  taken  from  his  rental ;  and 
if  in  an  exposed  situation,  may  be  made  to  give  additional 
shelter  to  the  land  adjoining.  Shelter  is  not,  I  think,  sufil- 
ciently  valued :  it  greatly  assists  to  produce  good  herbage : 
these  are  substantial  advantages,  added  to  the  incidental  ones 
of  beauty  of  scenery,  &c.  By  the  judicious  planting  of 
hedge-row  timber  on  an  estate,  it  may  be  thrown  into  a  kind 
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of  garden,  that  may  turn  out  as  much  to  the  profit  as  to 
the  pleasure  of  the  owner.     <^  Nihil  homine  libero  dignius." 

I  speak  of  timber  cultivation,  and  all  gentlemen  would 
wish,  whether  at  a  distance  or  in  the  immediate  neighbour- 
hood  of  their  mansions,  that  their  trees  should  become 
stately  ones.     Old  timber,  like  old  walls,  commands  respect. 

Branches  seem  to  be  the  means  of  producing  and  main^ 
taining  a  certain  quantity  of  leaves,  which  act  in  a  way 
easier  to  conceive  than  define,  in  attracting  the  sap  upwards, 
and  through  them  a  communication  is  kept  up  with  the 
atmosphere,  from  which  they  collect  their  carbon ;  and  every 
increase  in  the  size  and  number  of  their  parts  is  attended  with 
an  increase  of  nutritive  power,  and  a  further  development  of 
new  branches  and  leaves.  I  may  be  allowed  to  state  generally 
that  a  tree,  divested  of  a  considerable  portion  of  its  branches 
and  leaves  in  the  growing  season,  vegetates  slowly ;  and  I 
would  desire  any  one  to  attend  to  the  fact,  that  the  more 
abundant  the  covering  of  healthy  foliage  may  be,  the  faster 
the  tree  will  progress.  Mr.  Billington  has  given  tables  of 
experiments  on  the  growth  of  several  kinds  of  forest  trees  in 
girth,  &c.,  to  which  tables,  in  his  publication,  I  would  refer 
my  readers  who  wish  for  more  accurate  information.*  He 
endeavours  to  ascertain  the  utility  and  best  mode  of  pruning, 
or  other  management,  to  promote  their  growth.  He  takes  a 
larch,  for  instance,  with  the  branches  entire,  (as  wUl  be 
seen  on  reference  to  his  tables),  which  was  found  to  have 
increased  two  inches  and  one-eighth  in  girth,  in  each  year, 
for  four  years  on  an  average ;  and  a  second,  with  branches 
shortened,  increased  two  inches  and  four-eighths  eadi  on  an 
average ;  while  another  tree,  with  the  branches  cut  close  to 
the  stem,  to  four  and  five  feet,  has  only  increased  one  inch 
and  three-eighths,  or  a  very  littie  more,  each  year.     These 

*  To  the  publication  of  Mr.  Billington,  of  Underhill,  I  am  much  indebted, 
and  haying  the  pleasure  of  knowing  him,  I  value  his  work  the  more. 
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trees  grew  together  in  the  same  soil,  when  Mr.  B.  had 
the  management  of  one  of  the  royal  forests.  This  second 
diyision  shows  the  difference  Tery  clearly  between  the  two 
modes — ^between  cuttmg  off  the  branches  close  to  the  stem» 
and  leaving  them  to  nature.  The  tree  with  the  branches  cut 
dose^  in  four  years  had  increased  three  inches  and  three- 
eighths  ;  the  tree  with  the  branches  cut  off  had  a  little  the 
advantage  of  the  best  soil  The  tree  with  the  branches 
efitire  had  increased  seven  inches  and  three-eighths  in  four 
years,  making  one  inch  in  each  year  more  than  the  other — an 
object  well  worth  attending  to.  Mr.  Billington  has  divided 
his  tables  into  sixteen  divisions,  giving  the  result  of  different 
modes  of  treatment  to  which  I  will  recoikmiend  all  intelligent 
foresters.  I  will  now  contrast  this  conduct,  which  from  my 
own  knowledge  I  have  every  reason  to  believe  to  be  good, 
with  the  practice  of  those  who  are  advocates  for  murdering 
natnre.  Some  there  are,  who,  not  content  to  do  all  possible 
injury  with  the  axe  and  the  saw  within  the  command  of  the 
tallest  man,  seek  the  aid  of  a  long  pole  with  a  chisel  at  one 
end ;  one  man  directing  the  fatal  instrument,  and  another, 
with  the  aid  of  a  large  mallet,  striking  the  blow,  and  cutting 
away  all  branches  within  reach,  thus  reducing  trees  to  so 
many  magnificent  fishing  rods.  I  would  ask,  how  are  these 
trees  to  get  their  living,  when,  in  addition,  they  are  crowded 
so  close  together  that  they  have  not  room  for  pasturage  with 
their  roots,  and  the  little  food  they  do  obtain  they  cannot 
digest  for  want  of  leaves,  which  the  ignorance  of  man  has 
deprived  them  of? 

If  the  owners  of  woods,  to  whom  I  have  referred,  were 
to  live  to  double  or  treble  the  age  allotted  to  man,  they  couM 
never  make  timber  trees  from  these  scare-crows,  thrown 
back  in  their  growth  numy^  many  years.  Narrow  belts  of 
wood  produce  generally  only  sickness  and  decay.  Trees 
in  hedge-rows  thrive  better  than  those  in  narrow  belts, 
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because  from  their  situation  they  acquire  roots,  branches,  and 
stems  suited  to  them ;  but  trees  in  narrow  belts,  from  being 
in  a  thicket  while  young,  acquire  great  length  of  stem,  but 
roots  and  tops  proportionally  small,  so  that  when  thinned  out, 
from  the  narrowness  of  the  belt,  they  become  exposed  nearly 
as  much  as  in  the  single  row,  and  therefore  become  sickly, 
from  a  delicacy  of  constitution  unsuited  to  this  exposure,  and 
from  a  deficiency  of  roots  to  draw  moisture  commensurate  to 
the  increased  evaporation. 

The  extension  of  the  root  is  inversely  as  the  induration ; 
rapid  while  it  remains  herbaceous,  but  slow  as  it  is  converted 
into  wood :  hence  moisture  and  shade  are  the  circumstances 
of  all  others  the  most  favourable  to  elongation,  because  they 
prevent  induration,  or  retard  it  Mr.  Knight  shows  that 
timber  b  produced,  or  rather  the  sap-wood  is  rendered  lig- 
neous, by  the  motion  of  the  tree  during  the  descent  of  the 
sap.  It  is  also  shown  that  the  solid  texture  of  the  wood 
greatly  depends  on  the  quantity  of  sap,  which  must  necessarily 
descend,  and  also  on  the  slowness  of  the  descent  Both  these 
requisites  are  materially  increased  by  side  branches,  which 
retain  a  large  quantity  of  sap  by  their  junction  with  the  stem, 
and  occasion  a  contraction  or  twisted  direction  of  the  vessels 
which  obstructs  the  progress  of  the  sap ;  the  maple  and  birch 
which  have  fewest  side  branches,  bleed  more  freely  than  any 
other.  These  hints  afibrd  additional  evidence  against  pruning ; 
any  deformed  branch  may  be  taken  ofi^  without  dressing  up 
trees  like  broomstieks. 

The  forest  pruners  may  stick  to  their  axes  and  saws  and 
pruning  hooks,  spite  of  nature,  reason  and  argument :  I  will 
on  the  present  occasion,  in  obedience  to  nature  and  reason, 
try  to  prove  by  argument,  both  theoretical  and  practical,  the 
truth  of  the  maxim,  "  Prune  not  at  all,  if  you  can  help  it." 
The  subject  only  requires  a  little  observation,  conducted  with 
common  sense.     The  most  inveterate  of  weeds  may  be  killed 
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by  depriving  it  of  its  leaves ;  you  also  kill  a  young  oak  by  the 
same  process.  Take  two  plants  of  any  sort;  prune  one 
freely  and  the  other  sparingly,  or  not  at  all ;  the  effect  on 
the  stem  of  each  will  show  clearly  how  essential  are  branches 
and  leaves  to  promote  Ike  growth  of  the  stem. 

In  botany,  the  talent  and  labours  of  inquirers  have  generally 
been  spent  in  the  examination  whether  a  plant  belongs  to  this 
class  or  that  order ;  neither  chemistry  nor  physics,  the  most 
powerful  means  of  help  to  conquer  prejudices  and  acquire 
knowledge,  have  been  allowed  to  sit  in  council  on  the  exami- 
nation of  the  most  simple  processes.  The  size  of  a  plant  is 
proportional  to  the  surface  of  the  organs  which  are  destined  to 
convey  food  to  it :  a  plant  gains  another  mouth  and  stomach 
with  every  new  fibre  and  every  new  leaf.  Culture  increases 
the  annual  circles  of  the  wood;  but  common  injudicious 
pruning  tends  to  diminish  them,  and  merely  extends  the  stem 
in  length  by  throwing  all  the  new  formation  of  branches 
to  the  top  of  the  tree ;  thence  the  tree  acquires  a  slenderer 
figure  l^d  a  more  delicate  constitution,  from  greater  height; 
and  being  without  cover  of  side  branches,  loses  more  by 
evaporation  and  receives  less  moisture  from  the  ground.  The 
principal  process  of  vegetation,  (assimilation  by  the  leaves) 
being  reduced  by  pruning,  and  carried  on  under  a  diminished 
supply  of  nourishment  from  the  ground,  is  less  productive  of 
new  assimilized  matter,  and  this  smaller  quantity  requiring 
to  be  extended  along  a  greater  length  of  stem,  the  annual 
rings  are  necessarily  thinner.  A  forest  tree,  perfect  in  all 
its  parts,  has  been  compared  to  a  well-regulated  mixed  go- 
vernment ;  the  bole  or  stem  representing  the  monarch,  the 
larger  branches  the  nobility,  the  smaller  branches  the  gentry 
of  different  degrees,  the  leaves  the  people,  and  the  roots 
the  laws  on  which  the  whole  fabric  rests.  Pruning,  let  it 
be  observed,  is  itself  a  violence  done  to  the  plant,  apd  call 
it  by  what  name  you  will,  all  pruning  is  mutilation,  and  to 
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be  avoided  as  much  as  possible.  Pruning  does  not  increase 
the  quantity  of  wood,  for  the  operation  has  directly  an  oppo- 
site tendency  and  effect  Use  the  knife  in  a  state  of  infisuicy, 
and  give  the  tree  that  form  which  is  calculated  to  produce  the 
greatest  quantity  of  timber  in  the  proper  place,  and  remove 
only  branches  of  that  size  which  will  heal  over  during  the 
summer.  Trees  properly  thinned  always  produce  the  best, 
cleanest,  and  soundest  timber ;  and  as  in  men  we  look  for 
soundness  of  principle,  so  in  timber  we  look  for  soundness  of 
wood. 

I  have  before  said  that  I  do  not  approve  of  any  branches 
being  taken  off,  except  those  whicb  can  be  taken  away  early 
with  the  knife:  the  blemish  produced  by  pruning  large 
branches  is  too  grea(  to  be  compensated  by  any  advan«- 
tages.  The  gigantic  whip  handle  given  as  a  frontispiece  to 
Pontey's  Fprest  Pruner  has  done,  in  my  opinion,  incal- 
culable mischief.  I  have  read  observations  relative  to  the  com- 
parative advantages  of  close  pruning  and  snagging,  and  were 
I  compiled  to  adopt  one,  I  should  prefer  the  plan%f  close 
pruning.  But  is  pruning  or  lopping  at  all  necessary,  except 
in  a  state  of  infancy,  or  in  particular  ornamental  trees  to  please 
the  eye?  If  the  increase  of  sound  timber  is  sought  after, 
then  I  do  think  pruning  more  likely  to  defeat  the  object  than 
to  attain  it  It  must  always  be  remembered  that  there  is  a 
reciprocity  between  the  roots  and  branches.  In  whatever 
proportion  you  lessen  the  head  by  lopping,  &c,  in  like  pro- 
portion you  lessen  the  power  of  increasing  the  bulk  of  the 
stem,  in  destroying  the  balance  of  reciprocity.  Foreshortening 
a  branch  is  the  best  mode  to  adopt,  provided  it  is  done  at  such 
a  distance  from  the  stem  that  the  branch  is  kept  alive ;  for, 
if  you  cut  so  near  as  to  endanger  life,  and  it  dies,  you  must 
choose  between  the  blemish  of  a  close  cut  and  a  long  snag. 
The  wounds  produced  by  amputation  may  be  concealed,  but 
cannot  be  healed,  it  being  an  axiom  in  physiology  that  should 
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ever  be  kept  in  view  in  the  consideration  of  this  subject,  that 
live  tissue  cminot  form  any  organic  union  with  that  which  is 
dead :  I  have  various  specimens  of  wood  to  prove  it  Plants 
are  never  healthy,  except  when  their  stems  are  clean ;  and  in 
order  to  bring  that  to  perfection,  I  know  not  any  mode  so 
effective  as  the  admission  of  sun  and  ain  I  have  effected  it 
with  my  own.  Where  sun  and  air  are  denied,  that  parasitical 
plant,  moss,  will  grow :  light  and  air  will  kill  this  moss,  and 
the  tree  wUl  push  out  fresh  twigs  and  leaves,  a  sure  and  certain 
sign  of  health.  Evelyn  recommends  rubbing  and  washing  the 
boles,  but  this  must  be  very  limited  in  its  operation  with  a 
forest ;  and  even  it  be  once  done,  it  will  be  necessary  to  do  it 
again  the  next  year ;  but  if  sun  and  air  be  admitted,  it  will 
not  be  necessary.  I  have  kept  my  own  trees  as  they  wete 
planted  for  a  few  years,  until  they  had  acquired  good  upright 
stems — ^the  object  sought  after  by  pruning — and  whei»  J  have 
brought  them  to  that  state,  I  then  commence  cutting  away, 
to  enable  them  to  swell  out  into  wood ;  and  my  trees  being  at 
the  distances  of  three,  four,  and  five  yards  from  each  other, 
they  have  acquired  root-hold  to  defy  all  blasts.  Thoughr  ^ 
difference  of  opinion  may  exist  as  to  the  profit  to  be  actually 
realized,  enough  is  shown,  I  think,  to  prove  that  a  liberal 
expenditure  in  planting,  and  subsequent  management,  will  be 
amply  repaid  with  interest  and  compound  interest  to  the 
family,  by  tike  increased  growth  of  the  trees,  and  all  other 
indirect  and  incidental  advantages.  These  are,  the  cubical 
feet  of  wood — the  beauty — ^the  shelter  to  adjoining  land  in  a 
mountainous  district — the  shelter  to  the  domain — as  well  as 
affording  covers  for  game;  these  advantages  are  ^sufficient 
to  induce  every  one  to  plant;  and  besides,  a  well  timbered 
estate  more  readily  finds  a  purchaser. 

It  has  been  said  that  "  England  expects  every  man  to  do 
kis  duty/'  and  I  know  of  no  better  mode  than  planting  an^ 
takxqg  care  of  oak  trees.     The  office  of  Surveyor  of  Woods 

VOL.    II.  '  F 


Digitized 


by  Google 


66 

and  Forests  is  one  of  more  tban  ordinary  responsibility,  hav- 
ing duties  attached  to  it  of  the  greatest  possible  consequence ; 
yet,  from  the  reports  made  to  Parliament,  I  have  great  reason 
to  fear  it  is  not  managed  to  the  utmost  advantage. 

Having  previously  stated  that  I  resorted  to  books  in  vain, 
I  will  here  mention  the  names  of  some,  in  which  the  authors 
profess  to  give  calculations  as  to  profit,  &c  First,  in  a  book 
written  by  a  man  of  the  name  of  James  Sawyer,  with  the  title 
of  Growing  Gold,  it  is  said  that  because  the  forests  in  America 
grow  so  near  each  other  as  to  exclude  the  sun,  ours  ought  to 
do  the  same.  In  page  72,  he  says  ''that  trees  should  stand 
close  together,  and  meet  at  the  top."  In  page  137,  he  adds, 
*'  the  practice  of  thinning  large  trees  brings  destruction  to  those 
**  which  remain."  If  trees  grow  close  together,  I  agree  with 
the  author  that,  having  been  previously  crowded  together,  no 
tree  6ouId  stand  when  its  neighbour  was  taken  away.  At 
page  41,  he  says  that ''  where  tops  of  trees  press  against  each 
"  other  through  each  wood  or  plantation,  individual  trees  receive 
''but  a  trifling  share  of  wind,  and  the  outside  trees  are  sup- 
"ported,  so  that  few,  if  any,  receive  injury  in  the  roughest  gales. 
'^This  natural  defence  is  a  complete  answer  to  the  system  so 
' '  generally  practised  by  modem  wood  agents,  of  admitting  light 
"and  air  to  the  stems  of  trees ;  it  is  quite  clear  that  such  a 
"  measure  is  not  required.*'  The  author  states  that  the  outside 
trees  are  supported,  but  he  does  not  say  how.  I  will  inform 
Mr.  Sawyer,  that  having  access  to  light  and  air,  they  are 
consequently  stronger  than  the  rest;  and  had  all  the  trees 
received  the  same  advantages  of  light  and  air,  they  would 
have  been  equally  strong.  He  also  says,  he  is  surprised  that 
"  they  who  are  entrusted  with  the  care  of  plantations  should 
"have  omitted  to  make  themselves  acquainted  with  the  manner 
"in  which  trees  grew  spontaneously  in  the  ancient  woods,  and 
"should  have  adopted,  without  any  inquiry,  an  artificial 
*' system  at  variance  with  every  principle  of  nature."     Does 
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Mr.  Sawyer  mean  to  say  that  the  fine  oak  and  ash,  in  a  park 
or  hedge-row,  is  not  a  tree  in  a  state  of  nature  ?  and  that 
the  park  and  hedge-row  timber  are  not  more  valuable  than  the 
trees  in  American  forests,  touching  each  other  at  the  top,  the 
only  part  on  which  the  sun  ever  shines  f  A  young  man  could 
not,  in  my  opinion,  read  a  more  dangerous  book. 

A  Mr.  Withers,  of  Holt,  in  Norfolk,  has  published  in  his 
works  a  table,  the  plan  of  which  I  do  not  find  Seiult  with,  pro- 
vided his  calculations  were  correct ;  but  it  is  of  these  I  com- 
plain. He  states  that  an  acre,  at  the  end  of  sixty  years,  would 
yield  a  profitof  £1300.  He  then  goes  on  to  state, — **  Asafound- 
^^ation  for  my  calculations,  I  took  the  tables  of  Mr.  Waistell; 
**  and  I  did  so  because  I  know  not  of  any  other  published  state* 
'^  ments  of  the  produce  of  woodlands,  and  I  trusted  to  his  great 
**  experience  for  their  correctness."  He  adds, — ^*  I  reckoned 
'<  on  thinning  each  plantation,  as  recommended  by  Mr.  Wais- 
"  tell,  so  as  to  leave  trees  at  distances  from  each  other  equal 
*<  to  ane^fth  of  tkeit  height'*  From  the  above  statement 
he  has  professed  not  to  have  any  knowledge  of  his  own,  but 
to  have  borrowed  from  Mr.  Waistell.  He  then  goes  on  to 
state,  '*  I  completed  my  table,  and  the  results  obtained  were 
**a  gain  per  acre,  at  compound  interest,  on  myplany  of  £6435. 
<^  With  a  view  of  drawing  the  public  attention  to  so  important 
'<a  subject,  I  determined  to  publish  my  table  immediately ;" 
and  he  actually  says  that  a  considerable  number  *^  was  printed 
<^and  orders  sent  for  advertising  it,  when  I  received  a  letter 
*<firom  Sir  Thomas  Beevor,  to  whom  I  had  sent  a  manuscript 
<<copy  of  the  table,  in  which  he  stated,  and  proved  to  my 
'^satisfiM^on,  that  forest  trees  could  not  grow  to  the  estimated 
<^  extent,  nor  without  injuring  each  other,  so  closely  together 
^^as  Mr.  Waistell  had  allowed  them,  for  Sir  Thomas's  letter 
<^  was  accompanied  by  a  table  of  tusice  the  distance.*'  He  then 
states  that  he  remodelled  the  tables  according  to  the  sug- 
gestions of  Sir  Thomas,  and  thus  improved,  lays  them  befinre 
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the  public.  What  can  I,  what  can  the  public  think  of  this  gen- 
tleman's judgment  ?  He  has  not,  in  my  humble  opinion,  anj 
real  knowledge.  Had  it  not  been  for  Sir  Thomas  Beevor, 
he  would  hare  imposed  upon  the  world,  or  endeavoured  to  do 
so,  to  this  extent,  that  in  sixty  years  an  acre  of  land  wotdd 
have  yielded  £6,435,  and  500  trees  upon  an  acre,  at  one-fifth 
their  height  distance. 

Then  comes  a  Mr.  Monteath,  who  published  a  book,  and 
called  himself  the  King's  forester.  He  says,  that  "  for  the 
<<sake  of  such  of  my  readers  as  have  not  an  opporttmxty  of 
•^^seeing  Mr.  Withers^  book  and  table,  I  give  it  a  place  in  my 
^< Forester's  Guide;"  and  adds,  <«it  is  the  most  useful  and 
-^*  interesting  table  1  have  ever  seen.**  He  moreover  adds, 
that  '<  it  is  no  uncommon  thing  to  see  a  tree,  at  forty  years 
*<old,  worth  £3 ;  and  no  uncommon  thing  to  see  a  plantation 
'^^at  that  age  bearing  more  than  500  trees,  at  the  dbtance  of 
*Hen  feet,  worth  that  sum."  That  a  tree  of  that  age  may  be 
worth  £3,  I  will  not  deny ;  but  I  do  not  believe  that  there 
<3an  be  500  of  them  on  an  acre.  This  *^  king's  forester" 
adopts  all  the  errors  of  Waistell  -and  Withers.  What  advan* 
tage  can  possibly  be  obtained  by  consulting  Sawyer,  Waistell, 
or  Withers  ?  I  cannot  see  any.  I  do  see  great  disadvantage 
to  an  inexperienced  person.  No  one  toUl  be  able  to  ffrow  fold 
by  their  adtnce. 

With  whatever  disrespect  I  have  mentioned  some  books, 
lliere  are  others  which  I  must  name  as  worthy  of  attention, 
although  not  to  the  exact  point  of  tfiy  subject  Evelyn's  Sylva ; 
De  Candolle  on  the  Organs  of  Plants;  Duhamel  snr  I'exploita- 
tion  des  hois.  The  latter  mentions  that  the  smaQ  end  of  a 
branch  attracts  the  sap  or  moisture  from  the  earth  widi  nearly 
as  much  force  as  the  large  end ;  and  that  force  is  very  little 
in  a  branch  stripped  of  its  leaves,  but  greater  when  the  tree 
is  furnished  with  leaves :  that  every  thing  which  creates  an 
obstacle  to  perspiration  diminishes  the  force  of  suction ;  and 
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on  the  cootrary,  all  circunifitaiices  which  are  favourable  to 
perspiration  increase  the  power  of  auction.  I  cannot  here 
gire  lu8  diagrams  and  reasoning  more  at  large ;  but  they 
who  wish  to  read  more  know  where  to  go  for  that  informal 
lion. 

In  arboriculture^  as  m  other  sciences^  nothing  can  be  pefr- 
manently  efiected  in  a  moment  Time  does  not  spare  what  is 
done  without  him. 

Thb  is,  no  doubt,  a  valuable  society,  which  embraces  the 
collections  of  individual  research.  It  is  in  the  power  of  this 
sodety  to  inform  a  man  of  the  value  of  hb  estafe,  geologically 
speaking.  A  few  months  or  years  accomplishes  the  task: 
as  flint  and  steel  produce  fire,  so  the  collision  of  different 
opinions  determines  a  disputed  point  in  the  arts,  and  elicits  the 
truth.  An  architectural  society  requires  little  time  to  mature 
aoid  bring  to  perfection  disputed  points  relative  to  the  origin 
of  the  Gothic  arcL  With  soverdgn  power,  a  building  may  be 
reared  in  a  very  short  time,  but  I  do  not  know  of  any  human 
power  to  ruse  a  tree  in  the  same  time,  which  from  a  state  of 
infiancy  is  an  object  of  great  interest,  and  promises  great 
future  reward ;  and  what  is  it  that  constitutes  the  great  value 
of  our  existence,  but  that  hope  ?  Why  do  such  societies  as 
the  Agricultural  Society  exist,  but  for  the  benefit  of  the  nation 
at  large,  and  tfarou^  them  to  effect  more  than  can  be  done 
by  private  individual  exertions  ?  All  the  above  can  be  proved 
in  the  life-time  of  maiu  If  to  advance  the  different  sciences^ 
societies  of  men  are  formed,  how  much  more  is  one  required 
to  encourage  the  science  of  arboriculture,  which  demands 
time  beyond  the  age  of  man  I 

Can  any  consideration  be  more  momentous  Aan  to  find  out 
the  best  mode  of  cultivating  the  oak,  the  pride  not  only  of 
England  but  of  the  world  ?  Can  any  horticultural  prodtice 
be  more  beautiful  than  the  wild  forest  tree  ?  it  bears  its  flowers 
as  well  as  the  common  garden  plant    A  society  of  this  kind 
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can  only»  I  think,  succeed  under  the  patronage  of  men  of  rank 
and  large  property,  and  with  the  protection  of  government. 
From  it  reports  might  be  made  from  time  to  time,  and  issuing^ 
from  a  body  of  men  incapable  of  deception,  it  would  have  the 
desired  national  good.  Such  society  I  am  ready  at  any  time  to 
join.  If  an  Arboricultural  Society  was  once  formed,  it  would 
not  be  a  difficult  thing,  I  would  hope,  for  that  body  to  range 
the  royal  forests,  and  obtain  pecuniary  assistance  from  govern- 
ment ;  to  direct  observations  to  be  annually  made  as  to  the 
growth  of  different  kinds  of  trees — their  distance  from 
each  other — their  circumference — and  when  any  were  taken 
down,  to  preserve  transverse  sections,  from  which  it  would  be 
calculated  what  interest  they  were  paying — and  in  addition, 
to  receive  reports  from  private  individuals,  from  time  to  time. 

Money  may  be  acquired  in  mills,  factories,  &c.  &c. ;  but 
agriculture  and  arboriculture  improve  property,  in  untold  ways, 
without  inflicting  any  one  evil  on  mankind,  or  the  brute  crear- 
tion,  and  delight  tibe  man  of  taste.  The  increase  of  forest 
trees  does  not  bear  any  proportion  to  their  destruction.  Men 
are  in  general  sufficiently  alive  to  their  own  interest,  pro- 
vided the  matter  is  fully  demonstrated,  which  has  not  per- 
haps been  hitherto  done.  How  often  has  it  happened  that 
when  any  wood,  has  been  ordered  to  be  cut  nlown,  the  owner 
has  expressed  great  surprise  at  its  value,  so  little  idea  have 
men  in  general  of  its  actual  increase  I 

Finally :  this  subject  I  would  name  as  a  kind  of  moral 
virtue,  which  recommends  itself  by  the  pleasure  that  attends 
it.  Nothing  can  be  more  delightful  than  to  entertain  ourselves 
with  prospects  of  our  own  making,  and  to* walk  under  the 
shades  our  own  industry  has  raised.  The  restless  activity  of 
the  mind  of  man  leads  it  to  require  some  object  on  which  its 
powers  may  be  exercised,  without  which  it  preys  upon  itseli^ 
and  becomes  miserable.  If  I  am  incorrect  in  anything 
which  I  have  stated,  I  shall  be  glad  to  be  told  of  it,  so  that 
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at  some  future  opportunity  I  may  correct  what  may  be  proved 
to  be  erroneous.  I  shall  continue  to  plant  and  transplant,  till 
the  Almighty  shall,  I  hope,  transplant  me  to  a  better  world : 
this  is  an  unweeded  garden. 

I  may  be  thought  to  have  laboured  too  long  to  prove 
propositions  which  no  one  can  reasonably  dispute;  yet  so 
incalculably  important  is  the  subject,  and  so  comparatively 
mdifferent  is  the  attention  of  proprietors,  that  it  becomes  a 
duty  still  further  to  illustrate  it,  and  prove  its  value  even  to 
the  satisfaction  of  avarice  itself.  Words  written  and  state* 
ments  made  may  not  be  credited  by  all,  but  I  am  anxious  that 
my  premises  should  not  be  disputed  or  even  doubted. 

Segnins  irritant  animos  detnina  per  aures 
Quam  que  sunt  oculU  subjecta  fidelibus. 

I  have  caused  some  engravings  to  be  made  from  nature, 
from  which  any  gentleman  may  make  his  own  calculations . 
and  I  have  ^ven  a  tab}e  with  the  diameter,  circumference, 
and  area  of  a  transverse  section,  by  which  he  may  calculate 
what  per  cent,  his  wood  is  maUng ;  and  if  he  allows  his  trees 
any  room  to  grow^  he  will  be  most  agreeably  surprised  by  an 
increase  of  15,  20,  25,  and  even  as  high  as  30  per  cent.* 

To  those  who  have  inherited  plantations  I  would  appeal. 
They  ought  to  tend  with  care  the  object  of  their  ancestors' 
solicitude.  No  document  is  wanting  to  show  what  was  their 
will,  as  every  tree  so  planted  is  a  living  evidence  of  the  inter- 
esting fact  It  is  obvious  that  a  planter's  principal  care 
must  have  been  the  wish  of  benefiting  posterity.  He  must 
have  felt  gratified  in  contemplating  the  sheltet'  and  worth 
which  his  work  was  adding  to  the  domain ;  and  that  posterity 
must  be  truly  ungrateful,  which  thwarts  or  defeats  this  bene- 
volent design.  One  argument  against  planting,  and  that 
weighs  heavily  with  proprietors  who  are  advanced  in  life  is, 

•  See  Table  at  the  end  of  this  Report 
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that  they  will  not  live  to  see  the  trees  become  ornamentid  to 
their  estates,  far  less  to  reap  any  benefit  from  them.  Evelyn, 
in  his  ^^  Sylra/'  mentions  a  story  of  Maximilian  the  Second, 
who,  finding  an  old  man  setting  date  trees,  asked  him  what  his 
meaning  was,  in  planting  a  tree  which  required  so  many  years 
before  it  bore  fruit?  "  Sire,"  replied  the  old  man,  «  I  have 
<<  cliildren,  and  ihey  may  ha^vQ  more  oome  after  them/' 


Tflos.  SopwiTH,  Esq.,  F.G.S.,  exhibited  a  model  of  the 
strata  near  the  coal  and  iron  works  at  Ebbw^vale,  Monmouth* 
shire,  the  property  of  Messrs.  Harford,  Davis,  and  Co., 
in  which  the  workings  of  the  successive  beds  were  accu- 
rately \axd  down,  and  could  b^  inspected  with  the  greatest 
ease. 

Pr.  BucKLAND  said  that  whoever  saw  such  a  model  as 
this,  could  not  fail  to  understand  the  nature  of  a  coal  field. 
Now  that  we  had  the  means,  it  would  Jbe  a  sin  on  the  part  of 
the  nation  to  neglect  the  opportunity  thus  afforded  for  making 
an  accurate  regbter  of  the  state  of  our  minii^  districts.  If 
such  registers  had  been  kept  of  ancient  workings  in  the 
principal  coal-fields  of  England,  they  would  hiave  been  the 
means  of  preserving  the  lives  of  hundreds  of  miners,  and 
have  prevented  the  loss  of  an  immense  amount  of  property. 
Before  sitting  down  he  begged  to  move  the  thanks  of  the 
meetmg  to  the  authors  of  the  Papers,  a^d  to  Mr.  Sopwith 
for  his  explanation  of  the  model 

Sir  Francis  Lindlet  Wood  seconded  the  motion,  which 
was  carried  unanimously. 

The  thanks  of  the  meeting  were  then  given  to  Earl  Fite^ 
William  for  his  kindness  in  taking  the  chair. 
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...113.0976 

!•• 

23.5620 

44.1787 

13 

..  40.8408 

.  .132.7326 

>.• 

23.9547 

45.6636 

14 

..  43.9824 

...153.9384 

•  .. 

24.3474 

47.1730 

15 

...  47.1240 

..  176.7150 
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MR.  HAMEKTON'S  PAPER  ON  ARBORICULTURE. 


EXPLANATION  OF  THE  PLATES. 


Haifing  giten  a  table  of  diameters,  circumferencei,  and  areas,  advancing  by  ^th 
of  an  inch  in  diameter,  any  one  may  be  enabled  to  know  how  soon,  by  a  certain 
annual  increase,  a  tree  will  double  itself  in  quantity  of  wood,— as  the  area  of  5  in. 
diameter  would  be  19.6350,  of  7  in.  3a484^  which  area,  multiplied  by  the  length 
of  the  stem,  will  giye  the  solid  contents. 

PLATE  I. — A  horizontal  view  of  die  growth  of  wood:  some  of  the  circular 
apaoes  are  shaded  to  assist  the  eye  in  distinguishing  more  readily  one  from 
Ihe  other,  and  tiie  more  easily  comprehending  the  dimensions ;  cirdes  being  to 
each  other  as  the  squares  of  their  diameters.  The  tree  must  advance  in  die 
wetpetidve  proportions  to  enable  it  to  double  its  previous  bulk ;  and  it  will  be  for 
any  one  to  ascertain  how  many  years'  growth  of  his  trees  will  be  required 
to  make  up  the  requisite  number  of  inches  in  «Dameter  necessary  to  obtain  double 
wood :  if  die  diameter  be  two-eighths  of  an  inch  on  each  side  of  the  circle—four- 
eighths  in  the  whole  diameter — then  the  tree  would  make  the  2  inches  required  in 
four  years,— -paying  25  per  cent.  On  the  other  side  I  have  given  a  Tertical  sec- 
tion of  the  same :  at  the  bottom  of  Plate  I,  h\  I  have  given  a  magnified  specimen 
of  an  oak,  to  show  the  cellular  as  disdnguished  from  die  fibrous  tissue.  The 
cellular  is  the  first  wood  grown  in  the  year,  and  the  weakest  part  of  the  wood ;  in 
quick  grovm  wood  the  fibrous  tissue  is  much  laiger  and  stronger,  and  it  is  proved 
.  that  the  one  will  bend  when  the  other  will  break.  The  answer  given  by  Mr. 
Andrew  Knight  to  the  question  of  Lord  Glenbervie,  tIz.,  whether  oaks  which  grew 
in  poor  soil  and  slow,  were  of  a  firmer  nature  and  more  durable  dmber  than  when 
grown  in  a  richer  soil?  was—"  No.  Their  dmber  is  more  porous,  lighter,  and  less 
durable ;  a  layer  of  very  porous  wood  mariu  the  commencement  of  each  year*s 
growth,  and  when  the  growth  u  small  these  porous  layers  almost  touch  each  other," 
(as  in  the  specimen  I  have  given  of  oak  marked  c,  Plate  IIL)  The  experiments 
of  Professor  Barlow,  at  Woolwich,  prove  the  same.  Two  spedmens  of  oak  were 
selected,  one  from  a  fort  grown  tree  and  the  other  from  one  slow  grown  :  two 
pieces  were  squared  down  to  2  in.,  and  were  broke  on  props  50  in.  asunder ;  the 
one  firom  die  quick  grown  specimen  deflected  l-50th  of  its  length,  with  660  lbs., 
and  was  broken  with  999  lbs. ;  the  odier,  the  slow  grown,  deflected  1.50di  of  ita 
length  vridi  414  lbs.,  and  was  broken  mth  667]ba. 

PLATE  IL-A  have  given  a  tree  to  show  some  branches  I  think  proper  to  cut 
off.  The  two  branches  marked  a  a,  which  rival  die  leader,  I  would  only  shorten, 
leaving  two  small  shoots  to  keep  alive  the  branch.  At  b  there  is  no  other  mode 
to  be  adopted  but  that  of  remoTing  this  branch  by  a  close  cut  At  h  is  given  an 
example  of  a  branch  having  been  cut  off  many  years  before,  and  no  union  having 
taken  place  internally  with  the  new  and  the  old  wood,  the  foct,  however,  being 
oonoealed  by  the  bark  outside;  when  such  a  tree  is  cut  down,  the  old  anc(  the  new 
separate  immediately.  I  have  a  great  many  specimens  to  prove  dita.  On  the 
back  of  this  Plate,  I  have  given  four  phmts,  two  as  first  phmted,  2  feet  high  and 
4  feet  apart,  which  are  the  usual  propordons.  The  two  tall  trees  at  the  same  dia- 
tanoe,  neglected  for  perhaps  fifteen  or  twenty  years,  and  firom  20  to  80  feet  high : 
if  die  distance  of  4  feet  was  proper  at  first,  it  cannot  be  so  always. 
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PLA  TJS  in.^a.  Tine  piece  of  old  oak  from  the  ruins  of  York  Minster,  in 
which  the  fibrous  tissue  is  Teiy  large.  This  is,  perhaps,  one  of  the  finest  pieces 
of  oak  ever  seen,  and  must  have  been  part  of  a  very  huge  tree,  the  annual 
increase  in'  diameter  would  be  }  of  an  inch. — 6.  A  piece  of  ash  of  a  very  npid 
growth,  and  equally  as  fine  a  specimen.— c.  A  piece  of  oak  taken  from  the 
ruins  of  York  Minster,  of  very  slow  growth,  scarcely  two-eighths  of  an  inph  in 
^ameter :  in  this  the  cellular  rings  would  be  very  near  to  each  other,  and  con- 
pequently  the  wood  weak. 

,  PLATE  /K— ^.  Is  a  section  of  a  fir  taken  from  a  crowded  plantation, 
which  will  give  a  good  general  idea  of  what  I  wish  to  enforce,  viz.,  that  in  the 
early  stages  of  a  plant's  growth,  it  may  find  sufficient  space  and  fi^od  for  ita 
support ;  but  as  the  plant  increases  in  size,  a  struggle  for  nourishment  comiiiences, 
which  increases  in  severity,  and  finally  terminates  in  the  destruction  of  the  weaker 
by  the  stronger  plants,  but  not  until  after  a  contest  which  leaves  the  survivor 
stunted  in  its  growth,  and  the  soil  exhausted  by  having  had  to  support  many  pkmta 
instead  of  one.  That  this  specimen  has  suffered  from  such  a  struggle  is  shown  by  the 
gradual  diminution  of  the  years*  growth. ~5.  A  section  of  a  Uirdi  in  a  good  pros- 
perous condition,  averaging  {  of  an  inch  in  diameter,  .-il  A  section  of  a  larch  in 
Gisbum  Park,  which  was  Aown  down  in  1839.  This  tree  stood  alone,  and  the 
annual  increase  is  almost  one  inch  in  diameter — perhaps  without  precedent :  the 
first  Lord  Ribblesdale  told  me  he  brought  it  in  a  pot  from  Italy.  This  tree  con- 
tained  200  cubic  feet. 

PLA  TB  V..^a.  Section  of  an  Athenian  poplar  of  gigantic  growth,  at  the 
rate  of  one  inch  and  a  quarter  in  one  year,  also  the  same  in  the  following  year. 
^~b.  Section  of  the  Scotch  wytch  elm,  averaging  }  of  an  inch  in  diameter  in 
each  year, — good  growth  where  a  tree  has  room  allowed.— €.  Section  of  an  ash 
of  very  slow  growth,  in  which  the  cellular  rings  are  very  near  to  each  other  ;  this 
is  very  weak  poor  wood,  when  compared  with  the  fine  specimen  which  I  have 
given  in  Plate  IIL  i.,  and  would  bend  or  break  with  a  less  weight 


If  any  one  will  apply  the  compasses  to  the  specimens  I  have  given  of  the  oak, 
ash,  lardi,  &c.  &e.,  they  will  be  surprised  at  the  resuk  of  their  calculations,  and 
these  engravings  are  all  taken  from  nature,  t  can  only  give'  one  side  of  the 
circle,  double  of  this  will  therefore  be  the  diameter.  I  will  finally  add  what  ia 
reported  to  have  paased  very  recently  in  Parliament  Sir  Robert  Peel  is  said  thuf 
to  have  expreswd  himself—'*  Mr.  Deacon  Hume,  in  speaking  of  the  timber,  said, 
*<  you  have  plenty  of  iron  and  coal,  aad  your  true  poli<7  is  to  take  active  mea- 
"  sures  to  posMss  wood*** 
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PROCEEDINGS 

OF  THS 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
m  m  msUfMlMbi^  of  Foriwlfrt^ 

AT   THE   TWENTIETH  QUAETEBLT   MESTIKO,   HELD  IN  THE 

BXCBANaE  BOOM8>  BmAPFOBBy 

ON  WSDNBRDAT,    14tH   OF  DECEMBEB,    1842. 


On  the  motion  of  Hsnby  Lbah,  Esq.,  seconded  by 
Hbnbt  Habtop,  Esq.,  the  Chair  was  taken  by  the  Rev. 
W.  Sgobbsby,  DJD^  F.R.S.)  Member  of  the  Institute  of 
France. 

The  Rey.  Dr.  Scobbsbt  ihen  rose  and  said, — ^in  intro- 
dudng  to  thefar  consideration  the  objects  of  the  meeting,  a 
rery  few  words  on  the  present  occasion  would  serre  for  that 
parpose  from  himself.  It  would  be  in  the  recqllection  of 
most  then  present,  that  that  was  the  second  meeting  in 
Bradford  of  the  Geological  and  Polytechnic  Society  of  the 
West-Biding  of  Yorkshire.  It  was,  however,  the  twentieth 
quarterly  meeting  which  had  been  held  by  the  members  of 
the  Society,  circulating  in  different  large  towns'in  the  West* 
Riding  of  Yorkshire,  so  that  in  turn  it  came  there  to  hold 
its  meetings.  It  might  just  be  necessary  to  explain  to  those 
who  might  not  be  acquainted  with  the  origin  of  the  Society, 
what  its  intention  and  objects  were.  With  regard  to  this, 
he  might  obserre  that  the  objects  were  summarily  and  com- 
prehensiyely  contained  in  the  designation  of  the  Society — 
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"  The  Geological  and  Polytechnic  Society  of  the  Wesfr- 
Riding  of  Yorkshire."  In  all  its  transactions  it  was  highly 
practical.  It  was  one  of  those  institutions  designed  to 
bring  out  scientific  principles,  and  to  make  them  bear  on  the 
practical  objects  connected  especially  with  the  commercial 
and  manufacturing  interest  of  the  WesURiding  of  York- 
shire. As  the  causes  which  had  very  much  increased  the 
property  of  the  Riding  were  connected,  not  only  with  manu- 
factures, but  with  mining,  ^^logy  became  very  important. 
Every  one  must  be  aware  who  had  attended  at  all  to  the 
enterprise  of  penetrating  the  surface  of  the  earth,  that  yery 
liirge  sums  had  been  expended,  or  rather  wasted,  by  reason 
of  the  wajQt  of  the  information  which  geology  oould  most  dis- 
tinctly have  imparted.  For  though  geology,  as  a  science, 
might  be  considered  imperfect,  and  ever  would  be,  inasmuch 
88  the  distance  they  oould  penetrate  beneallt  ii»e  attrfaoe  of 
the  earth  must  always  be  an  extremely  small  proportioaof  the 
whole,  still  the  knowledge  obtained  by  geology  was  in  many 
respects  perfectly  certain  ;  so  that  negatiTely,  at  least,  we 
could  ill  ma£iy  instanees  satisCsM^rily  anticipate. what  might 
mot  etist  beneath  the  surface  of  the  earth.  We  could  not> 
ladeed,  in  eyery  instance,  predict  in  unexplored  parts  of  the 
country  aU  that  lay  hidden  beneath  the  surface :  nor,  thai 
because  the  surface  might  oonsist  of  certain  strata  fayourable^ 
for  iiistance,  for  coal  or  iron,'  could  we  ia  every  case  predict 
with  certainty  that  there  must  be  coal  or  iron«  But  we  could 
in  very  many  cases  predict,  from  the  nature  of  the  surface^ 
and  that  most  positively,  that  there  could  not  be  either  coal 
6r  iron-at(me  there.  Hence,  a  mere  negative  decision  by  geo* 
logy,  on  a  question  of  such  interest,  became  extremely  import^ 
ant,  as  at  once  setting  aside  the  temptation  to  useless  and  ex«» 
pensive  enterprise ;  and,  on  the  other  hand,  geology,  generally 
speaking,  so  far  afforded  positive  knowledge  as  to  show  whether 
such  substances  as  coal  might  be  reasonably  expected  in  any 
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particular  disfcriet.  Here,  then,  the  objects  of  the  Society 
became  very  practical  and  exceedingly  important,  ad  connected 
not  only  with  the  resources  of  the  manufacturing  districts^ 
but  also  with  the  economy  of  the  property  of  those  who  were 
disposed  to  speculate  in  developing  the  hidden  treasures  of 
the  earth.  Further,  the  Society  contemplated  the  considera- 
tion of  matters  connected  with  the  improvement  of  mining 
and  agricultttral  operations  generally,  together  with  objects 
of  phihmlliropy,  in  respect  to  the  health  and  safety  of  persons 
employed  in  those  various  operations.  It  belonged  to  ihis 
Society,  according  to  the  scope  of  its  plan,  to  investigate 
circumstances  affecting  the  lives  and  well-being  of  miners^ 
whether  by  gases  liable  to  explosion,  or  by  air  deleterious  to 
human  life.  Thus,  a  mere  statement  of  them  must  show 
that  all  the  objects  oif  the  Society  were  eminently  important^ 
because  they  had  a  practical  bearing  on  the  prosperity  of 
that  portion  of  the  country  in  which  they  had  their  habita^ 
tion. 

The  Sbcrbtart  then  read  the  foUowing  names  of  gentle- 
men desurous  to  be  admitted  Members  of  the  Society  :-^ 

Mr.  Statteb,  Wakefield. 
Mattbsw  Hall,  Esq.,  Wordey,  near  Leeds. 
James  Oaemrt,  Esq.,  BndfbnL 
Cha&les  Walxeb,  Esq.,  BcadlbnL 
RoBEKT  MnxiOAN,  Esq.,  Bradford. 

These  he  proposed  should  be  admitted  Members,  which  was 
seconded  by  J.  G.  Horspall,  Esq.,  and  carried. 
At  the  Evenmg  Meeting, 

J.  O.  BoTLEB,  Esq.,  Kirkstall  Forgo,  and 
W.  Lythall,  Esq.,  of  Bradford* 

wei9  proposed  and  admitted* 

Mr*  WaLLRK  proposed  a  tote  of  thanks  to  the  Local 
CJommittee  and  to  Mr.  Edward  Hailstone,  the  Local  Secre- 
tarj.  Mr*  H.  Hartop  seconded  the  motion,  which  was 
carried 
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John  Ramd,  Esq.  moTed  the  following  resolution : — That 
the '  thanks  of  the  Society  be  given  to  Godfrey  W.  Went- 
worthy  Esq.,  for  his  donation  of  fossils  ;  to  Henry  Briggs, 
Esq.,  for  his  donation  of  fossils  and  granite  boulders  from 
the  ralley  of  the  Calder,  near  Horbury  ;  to  Mr.  William 
Lee,  of  Sheffield,  for  his  donations  of  three  slabs  of  flagstone, 
with  impressions  of  fossil  footmarks ;  to  Henry  Belcher, 
Esq.,  of  Whitby,  for  a  valuable  coUection  of  fossils  from  the 
lias  and  oolite ;  and  to  Mr.  Leyland,  for  fossils  from  Stoodley 
Pike,  near  Halifax* 

The  Rev.  W.  Turkbr  seconded  the  vote,  and  in  doing 
90  he  might  perhaps  claim  the  privilege  of  a  stranger,  in 
suggesting  to  the  gentlemen  of  Bradford  and  its  vicinity;  that 
the  Museum  of  the  Society  was  remarkably  deficient  in 
specimens  connected  with  this  particular  locality.  He  thought 
it  highly  probable  that  many  of  the  gentlemen  then  present, 
and  others,  who  he  hoped  would  favour  them  with  their 
attendance  before  the  close  of  the  meeting,  had  an  oppor- 
tunity of  supplying  this  deficiency.  He  thought  this  a  most 
important  locality.     The  motion  was  then  put  and  carried. 


The  Rev.  Chairman  then  rose  and  said,  that,  different 
from  the  order  announced  on  the  card  and  circular  which 
had  been  handed  to  them,  he  had  been  requested  to  give  his 
communication  in  the  first  instance,  which  course  he  should 
adopt.  He  then  commenced  the  delivery  of  his  communica- 
tion, which  was  not  written,  but  spoken  extempore.  He  said 
the  subject  announced  as  his  communication 


AN  EXPLANATION,  WITH  ILLUSTRATIONS,  OF  A  PRACTICAL 
METHOD  OF  DETERMINING  THE  QUALITIES  OP;  IRON 
AND  STEEL,  AND  THE  DEGREES  OF  HARDNESS  OF  THE 
LATTER. 

This  subject  would,  he  trusted,  be  felt  to  be  of  some 
practical  benefit,  when  considered  in  connection  with  the  very 
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extensire  and  important  iron  works  in  thia  pariah — ^when  con* 
nected  with  iron  worka,  the  produce  of  which  hore  such  a 
▼ery  high  character,  and  always  fetched  such  very  high 
prices  in  the  market.     The  principle  which  be  had  to  submit 
to  them  bore  on  the  determination  of  the  different  qualities 
of  the  different  numbers  or  kinds  of  cast  iron  and  malleable 
iron,  as  produced  from  the  different  ores  in  the  neighbour- 
hood.   In  order,  however,  to  render  the  subject  intelligible, 
and  the  process  satis&ctory,  he  thought  it  would  be  useful  to 
derdope  in  the  outset  the  prinegfles  upon  which  the  mode  of 
determining  the  qualities  of  the  different  substances  were 
fonaded ;  for  the  methods  of  indnctive  science  required  that 
liiey  ahoiild,  at  all  events,  be  enabled  to  see  some  relation 
between  the  cause  and  the  effect,  the  means  and  the  end. 
Thus  to  place  in  some  measure  before  them  the  principles 
connected  with  the  mode  of  determining  the  qualities  of  iron 
or  steel,  it  would  be  necessary  to  state  a  few  particulars  with 
respect  to  the  nature  of  the  magnetic  principle  on  which  the 
determination  depended.  -  The  magnetic  principle,  it  should 
be  observed,  was  merely  a  secondary  principle,  and  not  a 
principal  agent     It  was  an  attribute  of  one  of  the  great 
agencies  which  the  Creator  had  appointed  for  subjecting  the 
material  and  physical  creation  to  his  wiH     They  found  that 
all-physical  substances  in  nature  were  endued  with  certain 
properties,  and  subjected  to  certain  laws :  as,  for  instance^ 
two  particles  of  certam  bodies,  possessing  variety  but  affinity 
of..4iature,  could  not  be  brought  together  without  cpmbining, 
nor,  when  united,  without  producing  a  total  change  in  the 
quality  of  the  resulting  substance.     Thus,  two  substances,  in 
themselves  acrid  or  corrosive  separately,  or  each  possessing 
noxious  properties,  by  being  brought  together  might  combine 
and  become  harmless.     In  bringing  them  together  there  was 
a  certain  mysterious  agent  engaged,  of  the  original  and 
essential  nature  of  which  we  are  ignorant — only  knowing 
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something  of  its  secondary  characters,  as  dereloped  in  the 
attributes  or  effects  of  that  great  agency.  When  they  com- 
bined dissimiUir  substances^  such  as  a  drop  of  add,  and  a 
drop,  in  solution,  of  an  alkali,  they  had  chemical  action,  and 
a  change  in  the  nature  of  the  substances,  from  their  original 
elements.  This  change  came  Under  the  denomination  of 
chemical  action,  and  was,  apparently,  one  of  the  influences  ot 
effects  of  the  mystenous  agency  he  was  speaking  of.  And 
when  this  iook  place  there  was  very  generally  a  change  of 
temperature — ^heat  l)eing  frequently  evolved.  Change  in 
electric  condition  also  took  place ;  and  a  great  development 
of  electric  action  was  another  of  the  effects. '  At  the  same 
time  there  was  an  exhibition  of  magnetic  phenomena*  Alt 
these  developments,  it  seemed,  arose  out  of  the  operation  or 
action  of  some  great  agent  with  which  they  were  unacquaint- 
ed. No  doubt  it  was  of  that  mysterious  kind  which  never 
will  be  understood,  nor  ever  could  be  apprehended  by  our 
present  faculties,  excepting  so  far  as  we  learnt  andlmew  its 
effects  on  different  material  substances.  It  was  an  agent 
which  came  a  step  nearer  than  those  comprehensible  to  us,  to 
that  Great  Being  who  was  infinitely  mighty  and  mysteridna. 
In  every  substance  in  nature,  whenever  a  chemical  change 
took  place,  there  was  a  development  of  magnetic  pheno- 
mena. The  magnetic  priilciple,  if  he  might  call  it  a  princi- 
ple, which  in  popular  language  he  might  do,  abode  in  every 
substance  in  nature — ^in  a  piece  of  wood,  or  a  piece  of  brass, 
or  silver,  as  well  as  in  iron.  Proof  of  this  was  had  in  the 
fact  to  which  he  had  alluded,  that  whatever  produced  chemi- 
cal action  in  any  substance,  developed  something  of  magnetic 
phenomena.  If  they  placed  a  piece  of  any  kind  of  metal 
between  the  poles  of  a  galvanic  battery,  so  that  it  formed  a 
conducting  medium  between  the  zinc  and  the  copper,  it 
became  instantly  magnetic.  There  was  very  little  difference 
between  the  magnetic  energy  developed  in  one  metal  and 
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another.     The  electric,  or  galvanic,  and  the  magnetic  princi- 
ples were  inseparable,  the  characteristic  difference  being  that 
they  flowed  (considering  them  as  cnnpnts) .  in.  directions  at 
r%ht  angles  to  each  other.     In  thox^  neutral  state  in  .which 
they  generally  were,  v^  few  substances  in  nature  exhibited 
magnetic  influences.     A  piece  of :  glass  had  the  magnetic 
principle  residing  in  it  the  same  as  iron,  biit  it  did  not  exhibit 
the  magnetism,  nor  would  the  proximily  of  a  magnet  e^tcite^ 
or  develope  it :    it  was  inTistUa  to  any  .test  whatever.     If 
ihey  took  a  jnece  of  brass  in  the  same  way,  under  on£nary 
circumstances,  they  comld  not  produce  any  magnetic  change 
in  it»  unless  Aey.  brought  itwitMatfaedbrcuit  of  the  galvanic 
apparatus,  or  exposed  it  to  the  action  of  heat  or  chemical 
change.     Thus  in  the  brass,  the  magnetic  influences  that  are 
there  can  be  developed;  at  the  same  time,  when  it  is  separate 
from  such  action,  it  exhibits  no  magnetic  property  whatever. 
There  was  one  substance,  however,  which  £d,  -as  every  one 
knew,  ezhAit  this  property  in  a  very  estriking  manner  and 
degree.    A  piece  .of  iron  was  capable,  by  mere  pi^oxindty  to 
a  magnet,  and  still  more  so  by  contact,  to  exhibit  very  power- 
fid  magnetic  phenomena.     This  was  the  case  in  dilSsr^t 
degrees  with  all  ferruginous  substances,  whether  in  ore  or  in 
a  metallic  state,  as  malleable  or  cast  iron,  or  sted*    What- 
ever was  the  nature  of  the  combination  oi  irpn,  it  generaDy 
had  some  qapabiltty  of  exhibiting  magnetic  phenomiena. — 
There  wove  other- substances,  not  ferruginous,  which  had  the 
same  properties,  but  in  so  slight  a  degree  that  it  was  not 
necessary  now  to  consider  them.    It  parhaps  might  be  well 
at  that  stage  to  show  the  nature  of  the. development  of  the 
magnetic  property  in  iron ;   because  that  matter  would  bear 
inanecyately  on  the  subject  that  he  wished  to  illustrate.    He 
had  there  a  piece  of  iron  (holding  a  small  bar  in  his  hand), 
and  if  he  brought  it  into  proximity  wiUi  the  powerful  magnet 
before  him,  not  close,  but  even  at  the  distance  of  two  or 
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three  iDches,  it  would  become  magnetic,  and  able,  as  they 
observed,  to  sustain  a  large  key  weighing  2,300  grains. 
They  saw  the  effect  produced  by  this  action  of  the  magnet, 
but  now  [remoying  the  iron  away  from  the  magnet,  and 
applying  the  key  again,]  there  was  no  magnetism  on  it,  and 
it  was  just  as  indiff^^reDt  to  the  key  as  before.  This  was  not 
by  reason  of  actual  transmisaion  of  anything  from  the  magnelii 
that  the  iron  became  magnetic — ^not  by  reason  of  anything 
put  .into  it  that  it  did  not  contain  before ;  but  it  was  the 
development  of  latent  or  neutral  principles  —  as  might  be 
illustrated  by  reference  to  the  case  of  a  smith  who  took  & 
cold  piece  of  iron,  and  with  skill  could  beat  it  until  it  was  red 
hot;  as  was  fr^uently  done,  and  so  that  he  could  light  his  fire 
with  it.  In  this  case,  the  blacksmith  did  not  put  into  the  iron 
any  heat  that  was  not  there  previously,  because  his  anvil  and 
his  hammer  were  cold ;  he  m^ely  developed  by  the  peculiar 
condensation  of  the  substance  of  the  iron  a  certain  quality  of 
the  iron  which  had  previously  been  latent  in  it  So,  applying 
this  illustration  to  the  magnetic  question,  this  analogy  was 
found — ^they  did  not  put  anything  into  the  iron,  they  only 
called  forth  the  latent  or  neutral  principle  within  it  This 
was  one  condition  that  referred  to  the  object  he  had  in  view, 
and  which  bore  on  the  method  of  determining  the  qualities 
of  iron,  as  they  would  see  in  a  short  time.  He  might  now 
enunciate  another  fundamental  principle  in  his  processect  for 
determining  the  quality  of  iron — that  whereas  ferruginous 
substances  generally  were  capable  of  the  magnetic  condition, 
those  most  perfectly  ferruginous,  or  of  the  purest  iron,  were 
capable  of  the  highest  development  of  magnetic  condition. 
If  he  brought  a  piece  of  cast  iron  to  the  magnet,  it  would  be 
found  that  it  exhibited  the  magnetic  character  ui  a  much 
inferior  degree  to  that  which  malleable  iron  did.  He  might 
show  that  a  piece  of  steel  would  exhibit  it,  by  mere  contact, 
in  a  slighter  degree  than  iron.     [Dr.  Scoresby  took  a  piece 
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of  steel  and  placed  it  beside  the  magnet,  after  which  it  8u»« 
.pended  a  small  key.]  There  was  there  a  less  tendency  to 
get  magnetism  by  juxta->po8ition  than  in  iron,  but  there  was 
a  greater  tendency  to  retain  it.  For  whilst  the  iron  lost  its 
power  by  removal  from  the  magnet,  the  steel  did  not.  The 
more  imperfect  the  iron,  as  in  oces  having  perhaps  on^third 
or  two-thirds,  or  fivensixths  of  earthy  substance,  or  the  more 
ii  was  in  a  state  of  oxide — the  less  were  its  capabiliti^  for 
showing  the  magnetic  action.  If  they  took  cast-iron,  they 
would  find  a  susceptibility  of  the  magnetic  influence,  but  in 
a  degree  of  capability  very  different  from  that  of  malleable 
iron.  If  they  took  malleable  iron,  of  a  quality  pure  and 
soft,  they  would  find  the  highest  capacity  for  the  magnetic 
condition.  Now,  when  he  discovered  that  any  portion  of* 
ferruginous  substance  in  a  body  rendered  that  substance 
capable  of  magnetic  development,  and  when  he  knew  that 
malleable  iron  generally  exhibited  that  in  the  highest  degree, 
then  he  drew  the  inference  that  that  which  was  most  perfectiy 
iron  would  show  the  highest  development  of  the  magnetic 
condition ;  and,  therefore,  that  the  iron  nrhich  should  exhibit 
the  highest  magnetic  capabilities  would  be  the  beet  quality  of 
iron*  There  were  two  methods  by  which,  on  these  princi- 
ples, they  might  determine  the  quality.  [The  Reverend 
Gendeman  then  pl^ed  upon  a  stand,  a  magnetic  needle  or 
compass,  having  at  tiie  end  a  small  gradijtated  card  as  a  scale. 
He  then  took  up  a  small  flat  magnet  and  two  small  flat  pieces 
of  iron.]  He  had  th^re  two  pieces  of  iron  from  the  Bowling 
Works.  They  were  marked  B  and  L — B  being  the  mark /or 
the  best  iron,  and  L  iron  of  the  lowest  quality.  He  had  also 
a  superior  steel  magnet  of  the  same  size.  [He  then  opposed 
the  magnet  steel  bar  to  the  compass  at  some  distance,  and 
placing  in  succession  upon  it  tiie  iron  plates  B  and  L,  he 
found  that  the  needle  receded  from  tiie  magnet  with  L  upon 
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it  further  than  from  B,  though  pUded  at  equal  distances.] 
Thus  upon  die  prineiple  that  he  had  asserted,  the  B  iron^ 
which  fetched  the  highest  price  in  the  market,  and  which 
cost  more  in  the  mannfiicturiilg,  appeared,  from  its  greats 
neutraludng  effect  on  the  magnet,  to  be  a  more  perfect  quality 
of  iron,  to  have  less  crude  matter  in  it,  or  to  be  more  purely 
ferruginous  than  the  other.  For,  just  as  he  had  anti<»pated^ 
the  bar  B  prored  to  have  higher  capabilities  of  magnetic 
iniueiiee  than  llie  bar  L*  In  order  to  ascertain  this  more 
condusiTdj,  he  had  got  half-a-dosen  plates  of  each  Und  of 
iron  made,^o  as  to  get  a  mean  result,  which  would  be  more 
accurate.  Aan  that  obtained  from  a  sii^e  spebimen.  To 
illustrate  his  method  of  determining  the  capacity  of  the 
several  plates  of  iron  fer  ma^etism,  as  shown  by  their 
respective  neutralizing  aistion  on  Ihe  steel  magnet  of  like 
dimensioBis,  the  Rev.  gentleman  showed  that  the  action  of  the 
magnet  alone  upon  the  compasS)  at  the  distance  of  15  inches, 
produced  a  deviation  in  Ae  needle  from  the  proper  meridian 
of  about  20  degrees,  or  two  such  magnets  together  of  31 
degrees  16  minutes.  '  Having,  with  the'  series  of  iron  plates 
kindly  ifumished  him  by  the  managers  of  the  Bowling  Works, 
placed  each  of  them  in  succession  betwixt  a  pair  of  sftiall 
magnetie  steel  plates,  he  fomid  the  averiage  ^iflfect  at  die  same 
precise  ^stance  to  be,  that  the  plates  L  reduced  the  action 
'of  I9ie  magnets  on  ihe  compass  io  8  degrees  21  minutes,  and 
tibe  platen  B  to  6  degrees  45  nnnutes;  so  that  the  mean 
reduction  of  p6wer  (the  measure  of  the  magnetic  capacity) 
by  L  was  31  degrees  15  nmrntes— 4  degrees  20  minuteB«»22 
degrees  60  minutes ;  and  by  B  was  81  degrees  15  minutes — 
6  degrees  45  minutes«-"24  degrees  30  minuted.  Thus  show- 
ing that  the  best  iron  had  deddedly  the  highest  magnetic 
capacity,  and  that  the  magnetic  capacity  of  each  kind  had  an 
analogous  relation  to  the  respective  vidues  of  these  two 
articles  in  commerce. 
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J.  6.  HoRSFALL,  Esq.  inquired  what  difference  was  found 
in  the  different  bara  of  the  best  k*on  ? 

Dr.  Scorssby  said  they  were  eztr^DOiely  uniform  in  the 
b^st  irpn ;  not  one. specimen  of  that  kind  oame  anything  near 
the  inferiority  of  the  other.  The  difference  did  not  esceed 
in  any  case  33  minutes  of  a  degree ;  not  the  tbihl  part  el 
the  distance  between  the  two  classes.  He  theo  went. on  by 
the  application  of  another  prinoiple  to  inveetigate  the* quality 
of  eaU  iron.  For  that  purpose  he  had  obtained  six  or  seven 
sets  of  the  same  aize  of  the  two  extreme  .qualities* .  One 
consisted  of  the  best  quaBty  of  cast  iron^  the.  other  was,«| 
inferior  quafity.  They  were  jof  ..the^.qualities  usuaUy«  mark^dl 
1  and  3^  There  might  be.a  considerably  variety  in  No,  I  w 
3 ;  but  the  difference^between  1  and  3  was  suffic&ently  cfaMra6* 
teristic  .  There. waa  alao.  a!  considenable  difGerenee  b^wixt 
the  two  classes  in  price»  aa  well  as  qualify*  .  No.  1  had  Uida 
oxygen  and  a  laiger  poction  of  carbon  thaSa  No*  3,  being  :Oif 
a  purer  description..  Without. going  pairticuhurly  into,  the 
chemical  coostatnents  of  iron,  he  might  just  dbaei?re^  ihat.aa 
the  best  quality  of  .iron  had.  in  the.  oAer  case  tbe^higbest 
magnetic  principle,  he  expected  h^  should  in  thia  oafQjof.caal 
iron  find  a  similar  law.  He  treated  it,,  .however,  in  a  diffenot- 
mahnen  He  got  the  plates.caat  in  thesame  way  in.  ^^green 
sand^^  so  that  they  sl^ould  be  very  baid,  and  mi§^i' exhibit 
more  of  the  nature,  of  steel.  ..His  pian.  was  ta  ttj  them  .ly 
magnetising  them  and  converting  them  into  xeal. magnetic 
being  of  opinion  that  as  the.  best  .steel  produced. Jtbe.  imt 
magnets,  so  the  best,  cast  iron  would  .produce,  the.beat  rmf^ 
nets.  His  first,  experiment  waa  \ff  magnetising  them  ^fSfMr- 
rately,  and  then  carefully  trying  their  power9  by  tfie  cqaipaas* 
One  kind,.No.  1,  had  the  power  of  canning  the  eompaai  .to 
diverge,  on  an  average,  13  deg.  41  min.,  whilcL.No.  3  only 
caused  it  to  divei^  10  deg.  7  min.«-,.the.  difference,  hatween 
the  two  bemg  as  186  to  100.    Thus  it  appeared  that  the  beat 
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cast  iron  had  a  power  about  one-third  greater  than  the  power 
of  the  inferior.    But  he  tried  it  another  way.     HaYiug  found 
that  the  accumdating  magnetic  capabilities  of  substances, 
in  relation  to  their  number,  became  another  test  of  quality, 
he  began  to  try  them  one  upon  another,  taldng  the  exact 
quantity  the  compass  diverged  after  each  addition.    He  put 
a  second  of  the  best  quality,  and  found  that  the  dirergence 
of  the  compass  was  about  18  deg.,  while  No.  3  was  only  12 
deg.  30  min.     Six  plates  of  the  best  cast  iron  thus  combined 
produced  a  deviation  of  26  deg.  47  min.,  while  the  inferior 
only  prodnced  a  deviation  of  17  d^.  44  mm.,  being  8  deg. 
less  dian  the  deviations  of  the  best  series.    He  did  not  mean 
to  say  that  the  theory  was  established  on  which  this  principle 
of  testing  cast  iron  was  founded :  it  would  require  many  more 
experiments :  but  yet  so  far  as  his  experiments  had  gone,  the 
object  he  had  in  view  was  fully  realised,  £cfr  it  had  been  shown 
that  they  could  detect  quality  by  a  scientific  mode  without 
breaking  into  metal — they  could  discern  the  different  qualities 
in  the  kinds  he  had  compared  to  a  nicety,  equal  to  that  which 
would  be  shown  by  weighing  16s.  in  gold  and  a  sovereign. 
He  next  proceeded  to  tiie  application  of  the  principle  to  the 
determining  of  the  quality  of  steel.     He  believed  that  there 
were  really  no  sdentific  means  established  besides  that  which 
he  had  suggested,  of  determining  the  quality  of  steel  gene- 
rally.    The  methods  in  use  consisted  in  the  exercise  of  that 
sort  of  knowledge  which  arose  from  constant  mechanical 
practice  and  obs^vation ;  and  the  best  judges  of  steel  by. 
tiiese  means  were  the  men  who  worked  on  it     They  esti* 
mated  sometiiing  of  the  quality  by  the  appearance  wiien 
broken;  but  they  were  not  unfrequentiy  deceived  by  the 
fracture.    By  this  appearance  they  might  suppose  that  a  piece 
of  steel  was  as  good  as  possible-^a  beautiful  quality — and  yet 
wh^i  they  come  to  work  it  into  cutiery  it  perhaps  would  not 
do^     Thus  the  working  well  and  tempering  well,  with  the 
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appearance  of  the  fracture,  enabled  the  practical  smith  or 
cutler  to  obtain  the  best  knowledge  of  the  quality  of  steel. 
Now  here  he  proposed  to  apply  a  scientific  method  for  the 
determining  of  the  quality  of  steel.  With  regard  to  wrought 
thm,  it  had  been  shown  to  have  no  permanent  capabilities  for 
retaining^  magnetic  influence :  it  retained  it  so  little  that  its 
retentiyeness  afforded  no  practical  test  of  quality.  When 
they  tried  steel,  however,  they  found  a  certain  permanency — 
no  matter  what  might  be  the  condition  or  quality  of  the  steel, 
whether  hard  or  soft,  good  or  bad,  it  was  capable  of  permanent 
magnetism.  [He  then  took  up  two  pieces  of  steel.]  He  bad 
there  a  piece  of  steel  of  a  very  fine  quality  and  yery  soft ; 
he  had  giren  it  the  magnetic  power.  He  had  also  another 
jnece  of  steel  of  like  quality,  but  perfectly  hard,  and  it  also 
was  &  magnet  Now  herein  steel  exhibited  a  peculiar  differ- 
ence from  iron  in  its  magnetic  properties.  Iron  was  capable 
of  more  magnetism  when  it  was  in  contact  with  a  magnet; 
but  steel  retained  it,  on  its  removal  from  the  magnet,  whilst 
iron  lost  it.  If  iron  would  not  retain  the  magnetic  influence 
while  steel  would,  he  first  came  to  this  conclusion,  that  that 
which  was  most  perfectly  steel  would  retain  the  most,  power 
(that  is,  in  like  conditions  of  hardness),  and  that  that  which 
had  the  least  carbonaceous  matter  in  it  would  be  the  least 
permanent.  He  tried  the  supposed  quality  by  experiments, 
and  verified  the  principle.  [He  then  took  up  a  compass 
needle.]  That  was  a  needle,  at  one  time  in  possession  of 
her  Majesty,  which  had  been  sent  him  for  examination.  [He 
then  took  up  another  compass  needle.]  That  was  also  from 
the  naval  stores,  and  was  by  the  same  maker*  [He  then 
showed  that  the  needles  were  qiagnets,  by  applying  keys  or 
large  nails  to  them  of  different  sizes,  to  ascertain  how  much 
they  would  lift.  The  one  lifted  much  more  than  the  other. 
He  then  took  up  a  soft  steel  needle,  one  of  his  own,  and 
showed  that  in  that  unfrtvourable  temper  it  would  lift  more 


Digitized  by 


Godgle 


88 

than  one  of  the- navy  needles  which  was  made  of  tempered 
ateeL]  On  comparing  his  soft  steel  bar  with  th«  tempered 
aaTy  oeedle^  be  found  that  his  soft  steel  would  lift  the  same 
fir  even  a  greater;  weight;  hencehe  concluded  that  the  steel 
of.  the  natal  needle  was  b^  But  he  also  applied  aaqtber 
test^-4iie '  test  of  tenacity  for  the  m«(gnetie  principle.  '  He 
took  a  Yexj  powi^iiul  small  magnet  which  be  called  a  test  bar^ 
and  applied  ih&  magnetised  pieces  of  steel  to  it,  similar  poles 
of  the  test  bar  and  of  tbetbars  to  be  tested  beiqg  laid  U>g^ 
Iber.  The  qoMtity  o(  power  left  showed  the  degree  of 
tenacity  which  each  had.  [Dr.  Scoresbythen  performed  the 
experiment ag^in.  He  put  the-first  n^le  ppofcen  of  before 
{libeinforilMr  na^y^  needle)  on  the  magnet,  a  piece  of  g^aai 
interrfeHingvand  fonnd  on- taking  it  away  that  the  magnetic 
jHrinmple  had  entirely  vanishedi  He  then  placed  the  .secos4 
vMy  needle  up<m  the  tost- bar  without  the  intervent^  of  the 
gJaas,  and  oii  taking  it  effr  it^  tooi  was  poweflesa.  He  lastly 
applied,  a  needle  of  his  owtii  and  on  taking'  it  off  it.  appeared 
not  tohave  suffered  from  eontact,  as  it  still  liftM  &  key  about 
threetidne^  the  weight  which  either  of  the  naty  needles  ccn^d 
lift,  in  their  highest  energy.]  The  first  inferenpe  he  drew 
from  this  was,  that  his  bar  was  of  a  very  supmar.  qua^ty 
of  steel  to  the  others,  and  the  next  was  that  o|ie  of  the 
needles  vaa  utterly  inciqiahle  of  •  performing  the  function 
intended.  In  truth  neither  of  them  was  sufficient  for  the  xA^ 
jects  for  which. they '  were  used,  as  they  coidd  not  aflequately 
accomplish  their  purposes.  The  unprorvemeint  of  ceuch  sea 
compasses,  th^efore,  was  an  objeot  of  national  i|n|K>rtanc^ 
To  eiqitrust  a  4rst-cla«a  ship  of  w«r^  worth  n£10Q,000»  peK^* 
haps,,  with  a  crew*  of  seyeral  hundreds  of  i^nen,'  to  such 
instrumedts  as  these,  inyoWed  a  heaty  chaise  of  blame  some^ 
where.  He  had  now  shown  the  ttieeting  the  ye^  ftnperiority 
ey^on  of  his  single  or  ordinal^  needles  over  those,  of  the 
nayy  :  he  had  shown  elsewhere,  as  well  i|S:here>  that  his 
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mode  gf  testing  the  quality  would  secure  the  best  steeU  and 
the  best  instruments,  instead  of  rising  a  quality  such  as  he 
had  shown  in  one  of  the  navy  needles,  which  was  not  fit  for 
a  coach  spring  I  Measures,  indeed,  had  been  commenced 
some  years  ago,  after  he  had  publicly  exhibited  some  of  hii 
improyements  in  compasses,  for  improving  those  of  the  navy. 
He  had  shown  his  plans  near  four  years  ago  to  the  gentlemen 
appointed  for  this  object,  so  far  as  his  investigations  had  then 
proceeded ;  but  nothing  effectual,  he  believed,  had  yet  been 
done.  Introductory  to  his  process  for  the  determination  of 
the  temper  and  hardness  of  steel,  he  should  state  that  the 
principle  had  long  been  held  that  the  harder  the  steel  the 
more  permanent  the  magnet  The  truth  of  this  he  had  tried 
in  many  experiments,  and  had  always  found  it  so.  And  now 
he  came  to  the  practical  rule  for  knowing  the  hardness  by 
the  magnetic  tenacity.  If  it  was  true  that  the  hardest  steel 
made  the  most  permanent  magnets,  then  it  was  only  necessary 
to  obtain  a  knowledge  of  the  degree  of  permanency  as  the 
measure  of  the  hardness.  [He  then  re-magnetized  two 
needles  of  similar  quality,  but  different  in  hardness,  and 
compared  the  weights  which  they  respectively  bore  after 
being  subjected  to  the  action  of  the  test  bar ; — ^when  one  had 
lost  little,  the  other  the  whole.]  Hence,  he  came  to  this 
conclusion — that  the  former  was  the  hardest,  whicl)  on  trial 
by  other  means,  was  proved  to  be  the  fact  He  then  applied 
the  test  of  the  deviation  of  the  compass,  and  showed  also  by 
this  means  that  the  hardness  of  the  steel -might  be  discovered 
with  great  minuteness  :  so  that  of  100  bars  or  plates  of  the 
same  kind,  as  to  quality,  they  could  easily  be  arraxiged  by 
the  aid  of  the  test-bar  and  compass,  in  the  order  of  their 
respective  degrees  of  hardness. 

Mr.  MoBTON  inquired  whether  the  bars  must  be  always  of 
the  same  diameter  or  of  the  same  bulk,  in  order  to  carry  out 
the  experiment  perfectly. 

VOL.  II.  H 
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Dr.  ScoRBSBY  replied  that  the  experiments  were»  within 
certain  limits,  irrespective  of  bulL  He  had  compared  steel 
of  very  different  lengths,  and  had  obtsdned  (after  application 
of  an  ascertained  correction)  very  analogous  results.  But  to 
save  calculation,  and  to  make  the  results  more  satisfactory,  it 
was  better  that  they  should  be  similar. 

ThQ  Rev.W.  Turner  inquired  whether  they  could  depend 
on  the  test-bar — would  it  have  the  same  degree  of  magnetism 
afl;er  a  succession  of  tests,  as  at  the  commencement  ? 

Dr.  ScoRESBY  said,  in  order  to  determine  that,  he  had 
ascertained  the  power  of  the  test-bar  before  experimenting, 
and  then  after  he  again  examined  it,  and  if  it  had  lost  any* 
thing  the  experiment  was  not  a  good  one.  The  test-bars  he 
used  were  made  on  the  principle  of  having  them  as  hard  as 
possible — and  with  the  bar  exhibited  to  them,  great  numbers 
of  plates  might  be  tested  without  any  effect  on  the  test-bar. 

Alfred  Harris,  Esq.  moved  the  thanks  of  the  meeting 
to  the  Rev.  Chairman  for  his  lucid  explanation  of  the  subject. 

William  Rand,  Esq.  seconded  the  resolution,  which  was 
carried  unanimously. 

Mr.  Clay  introduced  to  the  notice  of  the  company  a 
beautiful  geological  model  of  the  Forest  of  Dean,  made  by 
Mr.  Sopwith,  of  Newcastle,  for  Professor  Sedgwick,  of 
Cambridge,  and  at  the  request  of  Mr.  Clay,  Mr.  Morton 
briefly  explained  it 

The  Rev.  Chairman,  in  introducing  the  second  paper, 
said,  that  it  was  with  reference  to  the  manufacture  of  iron 
by  the  hot  or  cold  blast  methods.  The  communication  had 
reference  to  the  hot  blast  side  of  the  question.  It  would  be 
read  then,  and  the  discussion  upon  it  would  take  place  in  the 
evening.  This  appeared  to  be  a  matter  of  much  controversy 
among  practical  men  at  present. 
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Mr,  Clay,  the  Secretaryj  previously  to  reading  the  paper, 
gave  a  brief  history  of  the  controversy  which  had  engaged 
the  attention  of  the  Society,  and  said,  that  at  the  quarterly 
meeting  held  at  Wakefield  in  July,  a  paper  had  been  read  by 
Mr.  Hartop  on  the  different  qualities  of  iron  made  by  the  hot 
and  cold  blast  systems.  Mr.  Hartop  was  in  favour  of  the 
cold  blast,  and  it  unfortunately  happened  that  none  of  the 
gentlemen  who  approved  of  the  hot  blast  attended  that  meet- 
ing to  answer  Mr.  Hartop's  arguments.  He  had  now  to 
bring  before  the  notice  of  the  meeting  a  communication  from 
Mr.  Graham,  of  the  Milton  iron  works,  and  he  much  re- 
gretted to  add,  that  the  Chairman  had  received  a  note  from 
Mr.  Graham,  stating  that  owing  to  ill  health  he  was  unable 
to  attend  and  take  a  part  in  the  discussion. 


(Mr.  Qraham*s  Paper  p.  92  et  seq,) 
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Copy  of  a  Letter  from  Messrs.  R.  and  W.  Hawthorn, 
Engineers,  Newcjastle-upon-Tyne,  to  Graham  and  Co,, 
dated  November  29th,  1842  :— 

Gentlemen, — We  beg  to  hand  you  the  result  of  some  experi- 
ments as  to  the  changes  produced  in  the  strength  of  wrought  iron 
in  jthe  process  of  manufacture  into  the  various  articles  required  by 
engineers ;  and,  as  part  of  the  iron  used  is  of  your  own  make,  we 
trust  that  these  trials  (from  the  suggestion  of  Jas.  Nasmyth,  Esq., 
in  a  highly  valuable  article  published  in  the  September  Number  of 
the  Engineer  and  Architect's  Journal,  on  the  tenacity  of  wrought 
iron,)  will  not  be  altogether  unacceptable  to  you. 

Experiment  let. —  Hot 
blast  railway  axle  from 
Milton  Iron  Works,  one 
journal  end  heated  red  and  hammered  till  cold,  diameter  of  journal 
2^^  of  an  inch ;  6  blows  fractured  it,  3  blows  more  broke  it  clean 
off;  fracture  f  crystalized,  \  fine  fibrous  iron. 

Experiment  2nd, — The  other  end  of  the  same  axle,  heated  red 
and  hammered  till  cold,  then  heated  red  and  allowed  to  cool  gra- 
dually; 100  blows  bent  it  about  three  inches  without  the  slightest 
appearance  of  fracture. 

Experiment  Brd. — Hot  blast  1{  inch  square  bar  from  Milton 
Iron  Works,  heated  red  and  hanmiered  till  cold;  reduced  to  1} 
inches  square,  laid  4  inches  over  the  anvil : 
10  blows  bent  it     1     inch. 

Not  the  slightest  appearance 
of  fracture. 
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Experiment  4th. — The  same  bar,  after  receiving  the  above  50 
blows,  was  turned  over  and  nicked  in  the  inside  of  the  bend ;  4 
blows  fractured,  and  2  more  blows  broke  it  clean  off;  |  fine  fibrous 
iron,  }  crystalized,  resembling  steel. 

Experiment  6th» — Cold  blast  scrap-iron  bar  from  Messrs.  Haw- 
thorn's stock;  bar  1}  inches  square;  heated  red  and  hammered 
till  cold,  reduced  to  1}  inch  square  : 

6  blows  fractured  it  partly  through. 
10     „      more  bent  it  Ijf  inches. 
10      „  „  2{i    „       Fracture }  through. 
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Experiment  Qth^^The  same  bar^  after  reoeiving  the  above  26 
blows  in  Experiment  5,  was  nicked  as  in  Experiment  4 : 

2  blows  fractured  it.        )  Fracture  f  fine  fibrous  iron. 
4  more  broke  it  off.         /  \  crystalized. 

Experiment  7th. — Hot  blast  bar  from  Milton  Iron  Works,  2^ 
inches  diameter ;  heated  red  and  hammered  till  cold,  reduced  in 
hammering  ^  of  an  inch,  laid  4  inches  over  the  anvil ;  50  blows 
bent  it  1^  inches.  It  was  then  nicked  on  the  outside  ^  of  an  inch 
deep,  and  1^  inches  round;  31  more  blows  produced  a  slight 
fracture  of  the  finest  and  toughest  character. 

Experiment  %ih. — Cold  blast  cable  bar  from  Messrs.  Hawthorn's 
stock  J  cold  hammered,  reduced  2^  inches  diameter,  laid  4  inches 
over  the  anvil,  as  above ;  60  blows  bent  it  about  1 }  inches,  no 
fracture.  It  was  then  nicked  as  in  Experiment  7  ;  2  blows  broke 
it  square  across,  fracture  quite  crystalized. 

Note. — The  hammer  used  in  these  experiments  weighed  31  lbs. 

Copy  of  Letter  from  Messrs.  R.  and  W.  Hawthorn,  to 
Graham  and  Co.,  dated  December  8th,  1842 : — 
Gentlemen, — Our  experiments  on  wrought  iron  already  handed 
you,  so  far  as  related  to  your  make,  were  exclusively  confined  to 
hot  blast  iron,  but  we  have  since  added  a  few  experiments  on  your 
make  of  cold  blast  iron,  which  we  beg  to  hand  you  as  follows,  vTz: 
Experiment  let. — Cold  blast  iron  from  Milton  Iron   Works, 
marked  "  C.B.  Plate,**  bar  If  inches  square,  heated  red  and  ham- 
mered till  nearly  cold,  reduced  to  If  inches,  laid  4  inches  over  the 
anvil. 

9  blows  slightly  bent  it,       1  Fracture  close  crystalized, 
the  10th  blow  broke  it  clean  ofil  J  resembling  steel. 

Experiment  2nd. — A  bar  of  cold  blast  iron  from  Milton  Iron 
Works,  2^  inches  diameter,  laid  4  inches  over  the  anvil. 
10  blows  bent  it  ^  of  an  inch ' 
10    „   more   „    ^       „ 

10      „  19  JJ       fj  »' 

10    ,j      „       ,>   ff        „ 

10       „  9,  99      f  J  99 

No  appearance  of  fracture.    It  was  then  nicked  on  the  outside  as 
at  a  an  ^  of  an  inch  deep,  and  1  \  inches  round. 

2  blows  fractured  ^  of  the  section,  1   Fracture  crystal- 

the  3rd  blow  broke  it  clean  off.  J  ized. 

NoTS— The  hammer  used  in  these  two  experiments  weighed  90  lbs. 


Thus 
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Further  experiments  made  at  Milton  Iron  Works : — 

/  COLD  BLAST. 

No.  13. — Bar  of  refined  iron  2^  inches  diameter,  heated  red  and 
hammered  till  cold,  nicked  ^  of  an  inch  all  round.  One  blow 
broke  it  square  off;  fracture  quite  crystalized. 

JVo.  14. — The  same  end  of  the  last  described  bar,  cold  ham- 
mered, nicked  j>  deep,  \  round.  Two  blows  broke  it  square  off; 
fracture  quite  crystalized. 

HOT  BLAST. 

iVb.  15. — Bar  of  refined  iron  2^  inches  diameter,  heated  red,  and 
treated  precisely  the  same  as  the  cold  blast  bar  No.  13,  nicked  all 
round  ^  of  an  inch  deep.  Sixteen  blows  broke  it ;  the  firacture  full 
of  fibre. 

No,  16. — The  same  end  of  the  last  described  bar,  treated  pre« 
cisely  the  same  as  the  cold  blast  bar  No.  14,  viz.,  nicked  ^  of  an 
inch  deep,  ^  of  an  inch  round.  Nineteen  Mows  broke  it  off; 
fracture  full  of  fibre. 

NoTS«-The  hammer  uied  in  these  eaq[>erimeDtB  weighed  24  lbs. 


Mr.  Hartop  requested  permission  to  make  one  or  two 
observations,  and  said,  that  the  paper  was  no  answer  whatever 
to  the  one  he  had  read  six  months  ago,  but  instead  of  that, 
was  merely  a  statement  of  experiments  on  the  bending  and 
breaking  of  iron  after  heatmg ;  in  fact,  the  paper  had  gone 
into  every  position  which  it  ought  to  have  kept  out  of. 
With  respect  to  the  specimens  of  cold  blast  iron  from  Mr. 
Graham*s,  he  would  ask  that  gentleman's  representative  what 
time  the  furnace  at  which  they  were  made  had  been  engaged 
on  the  cold  blast  system,  as  it  was  a  notorious  iact  that  the 
Milton  iron  works  were  not  cold  blast  works. 

Mr.  JuBB,  of  Mr.  Graham's  works,  said,  about  three 
months. 

Mr.  Hartop  would  take  three  months.  Now,  all  iron- 
masters must  know,  that  when  furnaces  were  almost  worked 
out  by  making  hot  blast,  they  could  not  produce  cold  blast 
iron  from  them  worth  having,  if   they  were  suddenly  (or 
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gradaally  either)  changed  from  the  one  to  the  other.  He 
protested  against  receiving  the  specimens  under  such  circum- 
stance. 

Mr.  Leah  said  that  three  months  would  not  bring  the 
furnaces  into  a  proper  state. 

Mr.  Hartop,  in  continuation,  briefly  stated  the  reasons 
why  his  paper  was  not  read  at  the  proper  time..  The  dis- 
cussions at  the  Sheffield  meeting  having  taken  more  time 
than  was  anticipated  prevented  its  being  read  there  :  at  the 
following  meeting  at  Wakefield  no  one  was  present  to  defend 
the  other  side  of  the  question,  and  now  Mr.  Graham  neg- 
lected to  attend  to  support  his  views,  and  only  sent  a  number 
of  specimens  of  a  dubious  nature.  He  was  glad  the  dis- 
cussion had  been  put  off  till  it  came  to  Bradford,  because  the 
gentlemen  connected  with  the  iron  trade  here  had  discovered 
the  fallacy  of  Uie  hot  blast  system,  and  had  had  the. moral 
courage  to  continue  to  make  on  the  cold  blast  system,  during 
a  series  of  years  of  depression,  the  result  of  which  was,  that 
the  miners  in  the  vicinity  of  Bradford  had  been  nearly  fully 
employed  throughout  the  three  years,  while  the  miners  in 
other  parts  of  the  iron  districts  were  only  half  employed. 

The  Rev.  Dr.  Scorbsbt  inquired  whether  titer  whole  of 
the  iron  on  the  table  was  from  the  same  iron  works. 

Mr.  Hartop  :  Some  is  from  Hawthorn's,  of  Newcastle, 
and  some  from  the  Milton  works. 

Dr.  Scorbsbt  :  But  it  is  understood  that  it  is  all  from 
Milton  produce. 

Mr.  Hartop  thought  that  a  few  of  the  specimens  were  not 
from  Milton  iron.  He  did  not  care,  however,  at  what  works 
the  cold  blast  iron  was  made. 

A  long  discussion  then  ensued,  upon  a  suggestion  made  by 
Mr.  Morton,  of  Normanton,  that  it  was  uncourteous  to  the 
hot  blast  defenders,  to  discuss  the  question  when  none  of 
them  were  present,  which  ended  in  Mr<  Morton  giving  notice 
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that  he  should  move  its  postponement  to  some  future  period, 
when  they  could  be  present 

Thb  Chairman  requested  that  Mr.  Morton  would  take 
the  paper  and  make  a  condensation  of  it  previous  to  the 
evening  meeting,  so  that  they  might  have  it  gone  into 
regularly. 

Mr.  MoBTON  consented^  and  the  paper  was  delivered  to 

.  The  meeting  then  adjourned 


At  the  Evening  Sitting  the  cluur  was  again  taken  by 
the  Rev.  Dr.  Scorbsby,  who  called  upon  Mr.  Mobton  to 
give  in  his  condensation  of  the  paper  read  in  the  morning. 

Mr.  Morton  delivered  Hae  original  paper,  and  stated  that 
he  had  been  unable  to  make  a  satisfisu^ry  abstract. 

Mr.  Hartop  then  entered  into  a  statement  in  defence  of 
the  cold  blast  system  of  making  iron,  and  in  the  course  of 
his  speech  detailed  the  following  experiments : — 

First, — Mr.  Fairbaim's  experiments,  published  in  the 
^<  Manchester  Memoirs." 

Bars  of  1  inch  square  and  4  feet  6  inches  long  between 
the  supports : — 

BrMkJnf  Power  to 

wdghC  rwbt  laimct. 

Oldbury  cold  blast  iron.:....  463  lbs 822  lbs. 

Oldbury  hot  blast  iron  534  „ 549   „ 

Using  the  &ame  coal  and  iron  stone  : — 

Elsecar  cold  blast     446  lbs 992  lbs. 

Milton  hot  blast 353  „       538  „ 

Working  in  the  same  mineral  field  in  North  Wales  :— ^ 

Ponkey  cold  blast 567  lbs 992  lbs. 

Plaskynaston  hot  blast  378   „       517   „ 

The  second  experiment  was  also  by  Mr.  Fairbairn,  made 
with  fifty  sdrta  of  iron,  of  which  each  bar  of  hot  and  cold 
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blast  iron  were  made  of  the  same  materials,  and  under  the 
same  drcumstances*  Cold  blast  iron  with  a  load  of  392  lbs. 
mcreaaed  the  deflection  in  108  days  from  L786  to  1.84  inches. 
Hoi  blast  ditto,  in  tlM  same  number  of  days,  from  L891  to 
1.966  incbea.  Cold  blast  iron,  with  a  load  of  448  lbs.,  con- 
tinued to  increase  in  deflection,  and  ultimately  broke  after 
sustaining  the  weight  thirty-five  days.  All  the  hot  bhist  iron 
bars  broke  in  the  act  of  loading  them  with  the  above  weight 
of  448  lbs. 

The  third  experiment  was  by  Mr.  Todd,  of  Leeds,  made 
between  August,  1840,  and  February,  1841,  and  was  ab- 
stracted from  a  paper  by  that  gentleman,  read  before  this 
Society  at  Leeds,  in  June,  1841. 

BnnkliiCwclgM. 
Cwt    Or. 

Bierley  pig  iron  No.  3.  cold  bkst   25    2 

Elsecar  ditto   No.  3.     ditto    .24    0 

Low  Moor  ditto  No.  3.    ditto    23    2 

Summerlee  (Scotch)    ...  No.  3.  hot  blast..., 17    2 

Level,  Staffordshire No.  3.    ditto    16    0 

Mixed   pig   iron,   five-v 

parts  Low  Moor,  one  vNo.  3.  cold  blast  30    0 

partEbeear  ...J 

Mixed   pig    iron,   flve^ 

parts    Bitfley,    one  vNo.  3.    ditto    33    0 

part  Elsecar  j 

Mixed  pig  iron,  No.  3,  equal  parts — Bierley,< 

Elsecar,  Low  Moor,  Staffordshire,  (cylinder 


20    2 
iron  in  the  market,)  Level  iron,  and  Sum-  ^ 

merlee 


^1 


These  irons  were  all  supplied  in  the  regular  way  of 
business,  without  the  makers  knowing  that  such  experiments 
were  intended. 

The  fourth  experiment  was  introduced  b  order  to  test  the 
relative  strength  of  wrought  iron,  made  from  cold  and  hot 
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blast  pig  iroa^  The  irons  on  which  it  had  been  tried  weire 
eight  in  number,  the  firet  set  of  bars  were  2^  in.  in  diameter, 
•made  with  cold  blast  scraps,  and  hot  blast  respectiyely,  all 
from  Yorkshire  manufacturers^  The  wdght  required  to  draw 
them  asunder  by  a  steady  direct  tension  was  not  very  yariable, 
but  when  all  were  cut  round  to  the  same  depth  for  the  pur- 
pose of  being  broken  with  the  hammer,  they  required  about 
the  following  blows  to  do  so. 

Cold  blast  bar  iron six  blows. 

Scrap  Atto   ..,...*.M. three  blows. 

Hot  blast  ditto*. one  blow. 

In  the  second  and  third  set  of  bars,  all  of  which  were  laid 
before  the  meeting  held  at  Wakefidd,  the  result  of  the 
experiments  stood  thus  : — 

^  Blow*  required 

Diam.  of  bar.  Area  of  aec.  to  break  them 

la.  wlMMiut.  Willi  a  17  lbs. 


Ldw  Moor  cold  blast...     2.66  a976      ...       18 

Bierley  cold  blast 2^76       ...      4;430       ...       18 

Milton  hot  blast... 2.75       ...       4.4dD      ...        3 


Blows  raiuired 
to  break  tbem 
with  a  90  Iba. 


...       21    -^ 

...      H> 


Elsecar.cold  blaM  .••.<.    2.58      ...      3.976 

Milton  hot  blast 2.58       ...  .    4.202 

Made  from  the  same  materialB. 

So  that  the  proportionate  resistance  of  hot  blast  wrought 
iron  to  impact  is  still  less  than  that  of  cast  iron.  With 
reference  to  the  price  of  cold  and  hot  blaist  iron,  Mr.  Hartop 
produced  the  following  table, — 

March,  1842.  per  ton. 

Price  of"  Scotch    hot    blast    iron 'at   Hiill, 

(lio.h)r   ...'....-....'. ......'.. ^ £3    7    e 

To  which  add :  for  its  general  inferiority  to 
Yorkshire  iron  when  both  were  made  with 
cold  blast 0    5    0 

^  3  12    6 
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Price  of  Yorkshire  cold  blast  iron  at  Hull, 
(No.  1.)    5    5     0 

Difference  in  favour  of  cold  blast  iron  in  the 
market  generally 1   12    & 

He  contended  that  it  was  a  duty  Societies  like  this  owed 
to  the  public,  to  point  out  all  sucb  facts  as  were  material  to 
its  interests,  but  more  particularly  such  as  bore  directly  upon 
its  safety. 

Further  discussion  took  place  between  Mr.  Morton,  of 
Normanton,  and  Mr.  Hartop;  Mr.  Morton  holding,  that, 
taking  a  commercial  yiew  of  the  question,  hot  blast  was  pre- 
ferable, as  it  was  cheaper.  He  contended  that  there  were 
plenty  of  purposes  to  which  the  hot  blast  iron  might  be 
applied.  He  considered  that  no  opinion  could  be  formed 
upon  the  matter,  as  some  of  the  most  eminent  and  unbiased 
experimentalists  had  placed  the  iron  of  Bradford  and  its 
neighbourhood  low  down  in  the  scale,  a  place  which  it  had 
nnce  been  shown  it  ought  not  to  occupy;  and  if  doctors 
disagree  who  should  decide  ? 

Mr.  Hartop  denied  Mr.  Morton's  proposition,  that  there 
was  any  purpose  to  which  hot  blast  iron  could  be  applied  in 
the  quantity  he  had  spoken  of.  There  was  no  place  in  which 
it  could  be  used  with  advantage  over  cold  blast  iron,  con- 
sidering that  the  saving  in  its  manufacture  was  only  12s.  6d. 
per  ton,  as  prored  in  his  paper  read  at  Wakefield  in  July ; 
and  the  doctors  haying  disagreed  in  this  matter,  the  subject 
has  been  taken  out  of  their  hands  by  practical  men,  and 
hence  the  deteriorated  value  of  hot  blast  iron  in  the  market 

The  discussion  upon  the  matter,  of  which  the  above  are 
the  main  arguments,  continued  for  some  time,  but  without 
eliciting  any  thing  further. 


Digitized  by  VjOOQ IC 


Digitized 


by  Google 


PROCEEDINGS 

OF  THE 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
et  t^t  Wlmt^aini  of  ¥0Yiw9irr, 

AT    TB£    TWENTY-FIRST    QUAKTERLT   MEETlNOy   HELD   IN   THE 

HALL   OF  THE   LITEBABT  AND  PHILOSOPHICAL   SOCIETY, 

HALIFAX, 

ON  WEDNESDAY,  THE  8tH  OF  MARCH,  1843. 

On  the  motion  of  Dr.  Wm.  Alexander, 

John  Watbrhouse,  Jun.,  Esq.,  F.R.S.,  F.G.S.,  was 
called  to  the  Chair. 

The  Secrrtary  proposed,  and  Dr.  W.  Alexander 
seconded,  the  election  of  John  Watbrhouse,  Jun.,  Esq., 
of  Halifax,  and  Mr.  Edward  Watbrhouse,  of  Lindley,  as 
Members  of  the  Society. 

The  following  Resolutions  were  then  passed : — 

1.  That  the  thanks  of  the  meeting  be  given  to  the  Literary  and 
Philosophical  Society  of  Halifax,  for  their  kindness  in  affording 
the  use  of  their  Hall  on  the  present  occasion. 

Moved  by  Wm.  West,  Esq.  5 
Seconded  by  Henry  Leah,  Esq. 

2.  That  the  thanks  of  the  Society  be  given  to  the  Local  Com- 
mittee^ for  their  attention  in  making  the  arrangements  for  this 
meeting. 

Moved  by  B.  Biram,  Esq. ; 

Seconded  by  Thos.  Pitt,  Esq. 

3.  That  the  next  meeting  be  held  in  Leeds. 

Moved  by  the  Rev.  F.  Russell,  and 
Seconded  by  Dr.  Inglis. 

K 
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Henry  Briggs,  Esq.,  of  Overton,  near  Wakefield,  then 
read  the  following  paper  : — 

ON   RENDERING  AVAILABLE    FOR   AGRICULTURAL   PURPOSES, 
A  VARIETY  OF  MINERAL  SUBSTANCES  AND  REFUSE  FROM 

MINES,     HITHERTO    CONSIDERED    OF     NO    VALUE BY 

HENRY    BRIGGS,  ESQ.,  OF  OVERTON,  NEAR   WAKEFIELD. 

The  advantages  to  be  gained  by  the  employment  of  Che- 
mistry in  the  service  of  Agriculture,  are  now  so  generally 
acknowledged,  that  I  need  not  apologise  for  calling  your 
attention  to  the  subject.  Surrounded  as  we  are  by  element- 
ary bodies,  and  their  combinations,  the  properties  of  which 
are  little  known,  it  becomes  a  most  important  object  to  attain 
a  more  accurate  knowledge  of  their  effects,  with  a  view  to 
making  the  best  use  of  them;  and  if  we  are  aware  that  the 
elements  essential  to  the  growth  and  proper  development  of 
vegetables,  lie  hidden  in  the  great  masses  of  refuse  from 
mines  and  other  works,  which  are,  alone  and  in  quantities^ 
most  prejudicial  to  the  husbandman,  it  must  be  an  interesting 
inquiry,  well  worth  patient  investigation,  to  ascertain  whether 
this  refuse,  by  being  employed  in  a  proper  manner  and  in 
moderate  quantities,  may  not  have  a  contrary  effect,  and  confer 
a  benefit  instead  of  an  injury.  The  well  known  fact  that  the 
most  wholesome  food  when  used  alone^  and  for  a  continuance, 
is  unable  to  sustain  life ;  and  also  that  a  valuable  medicine, 
improperly  administered,  or  in  too  large  a  quantity,  becomes  a 
poison,  will  illustrate  my  meaning.  This  subject  is  so  impor- 
tant, that  I  wish  greater  chemical  knowledge  than  I  possess 
had  been  applied  to  its  investigation;  but  as  I  firmly  believe 
no  effort  in  the  cause  of  truth,  or  for  the  advancement  of 
knowledge,  is  lost  or  made  in  vain,  I  should  think  myself 
wrong  in  hesitating  to  lay  before  you  a  small  amount  of  in- 
formation, merely  because  it  is  not  larger;  and  I  will  hope 
that  some  one  who  has  greater  power,  may  have  as  warm  an 
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inclination  as  I  have,  more  fully  to  carry  out  this  investigation, 
A  recent  indisposition  having  lately  confined  me  in  a  great 
measure  to  the  house,  I  have  had  leisure  to  make  several  ex- 
periments, the  result  of  which  I  will  proceed  to  detail.  It  is 
well  known  that  iu  all  animal  and  vegetable  substances  which 
are  used  as  manure,  the  ammonia  which  is  generated  by  their 
putrefaction  is  the  most  essential  and  valuable  part>  and  is,  at 
the  same  time,  the  most  difficult  to  preserve.  In  fact,  the 
farmer  who,  ignorant  of  this  truth,  endeavours  to  increase  the 
value  of  the  contents  of  his  farm-yard  by  frequently  turning 
it,  retains  a  body  without  the  spirit^  and  dissipates  into  the  air 
the  ammonia,  which,  as  containing  nitrogen,  is  so  essential  a 
constituent  of  his  future  crop.  The  ammonia  generated  by 
fermentation  becomes  almost  immediately  carbonate  of  am- 
monia, and  in  this  state  still  remains  extremely  volatile; 
common  smelling  salts  sufficiently  attest  this  fact.  It  may, 
however,  be  imagined  that  ammonia  so  generated  does  not 
escape  into  the  air  to  any  considerable  degree,  but  is  retained 
in  the  body  of  the  manure.  I  can,  however,  bring  forward 
a  circumstance  that  has  come  to  my  knowledge,  which  I  think 
may  fairly  be  adduced  as  a  proof  that  the  escape  of  this 
important  fertilizer  is  greater  than  is  generally  supposed.  In 
the  neighbourhood  of  Wakefield  there  are  some  chemical 
works,  where  soda  is  prepared  from  common  salt:  during  the 
process  employed,  the  muriatic  acid  (one  of  the  component 
parts  of  salt)  is  driven  ofi*  into  the  air  in  the  state  of  vapour, 
which,  by  the  bye,  is  an  extremely  wasteful  and  deleterious 
proceeding.  It  was  observed  by  the  workmen  that  when  the 
wind  was  in  one  particular  quarter,  and  carried  this  vapour 
over  a  field  where  a  large  manure  heap  was  deposited,  a  thick 
white  cloud  always  hung  over  it  This  cloud  was  caused  by 
the  escaping  ammonia  combining  with  the  muriatic  acid,  and 
forming  muriate  of  ammonia,  or  sal  ammoniac,  in  finely  divided 
particles. 
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The  celebrated  Sprengel  says,  that  "whoever  fails  to  employ 
"  some  neutralizing  substance  to  combine  with  the  ammonia 
^*  which  is  produced  in  so  great  a  degree  during  summer, 
"  suffers  a  loss  of  manure  which  exceeds  all  belief.  It  is 
"  only  a  gaseous  substance,  and  not  a  solid  material  visible 
*^  to  the  naked  eye,  which  thus  escapes  and  is  lost;  but  for 
^<  all  that,  it  is  of  greater  importance  to  the  nourishment  of 
"  plants  than  perhaps  any  other  portion  of  the  manure." 
The  still  more  celebrated  Liebig  says,  that  ^^  the  chief  art  of 
"  agriculture  depends  upon  the  collection  and  preservation  of 
"  those  manures  which  contain  ammonia  in  the  greatest  quan- 
"  tity."  He  also  observes,  in  another  part  of  his  work,  that 
*^  with  every  pound  of  ammonia  which  evaporates,  a  loss  of 
"  60lbs  of  com  is  sustained."  And  many  other  writers  of 
the  present  time,  who  have  treated  on  the  subject  of  manure, 
and  its  economical  management,  coincide  in  opinion  with 
these  eminent  men,  that  the  loss  of  ammonia  deprives  the 
manure  of  its  most  fertilizing  property.  How,  then,  can  we 
arrest  this  valuable  constituent,  and  prevent  it  from  "  wasting 
"  its  sweetness  on  the  desert  air  ?"  Although  we  ought  not 
certainly  to  consider  it  as  entirely  lost  when  it  ascends  into 
the  atmosphere,  as  the  next  shower  will  again  bring  it  down, 
yet  to  the  farmer  who  wbhes  to  apply  his  manure  specifically, 
it  is  in  a  great  measure  wasted,  as  he  has  returned  to  him  only 
a  very  small  per  centage  of  what  has  been  derived  from  his  own 
premises.  Some  months  ago,  in  reading  either  Liebig's 
"  Organic  Chemistry,"  or  Professor  Johnstone's  "  Lectures 
on  Agricultural  Chemistry,"  (works  which  every  one  interes- 
ted in  agriculture  ought  to  possess),  I  met  with  a  suggestion 
that  sulphuric  acid  might  be  applied  with  good  effect  to 
manure  heaps  for  this  desirable  purpose;  that  is,  of  fixing,  or 
rendering  not  volatile,  the  ammonia  therein  generated.  The 
sulphuric  acid,  entering  into  combination  with  the  ammonia, 
forms  a  neutral  salt,  the  sulphate  of  ammonia,  which  is  a 
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solid  substance,  soluble,  and  not  volatile.  I  have  lately  used 
several  cwts.  of  acid  for  this  purpose,  procured  from  my 
friend,  Mr.  Charles  Norris,  who  manufactures  it  at  his  exten- 
sive chemical  works  at  Sowerby  Bridge.  In  order  the  better 
to  distribute  the  acid,  I  caused  it  to  be  diluted  with  four  or  five 
times  its  weight  of  water,  and  periodically  applied  it  to  the 
manure;  with  what  efiect  remains  yet  to  be  seen,  although  I 
can  have  no  doubt  of  its  beneficial  result  The  application 
of  sulphuric  acid  being  an  expensive  process,  I  afterwards 
adopted  another  suggestion  derived  from  the  same  source, 
and  used  Gypsum  or  Sulphate  of  Lime  to  eflect  the  purpose. 
Gypsum  when  burnt  or  baked,  in  order  to  drive  off  the  water 
of  crystallization,  contains  about  58  per  cent  of  sulphuric 
add;  therefore  in  applying  two  tons  of  this  substance,  costing 
about  £5,  you,  in  effect,  apply  rather  more  than  one  ton  of 
the  acid,  which  from  the  chemist  would  cost  about  £11. 
This  application  of  gypsum  must  depend,  for  its  utility,  on 
the  correctness  of  the  following  theory,  namely,  that  the  sul- 
phuric acid  of  the  gypsum  has  a  greater  affinity  for  ammonia 
than  for  the  lime  with  which  it  is  combined,  and  that  it  will 
leave  the  lime  and  cling  to  the  ammonia,  forming  sulphate  of 
ammonia  and  carbonate  of  lime.  The  following  diagram  will 
exhibit  this  chemical  process : — 


r',^*..,^.  f  Sulphuric  Acid  \ 

^yP^^"" I  Lime JV~-^  Carbonate  of  Lime 


Carbonate      /Carbonic  Acid' 
of  Ammouia.    (  Ammonia ^  Sulphate  of  Ammonia. 

To  satisfy  myself  on  this  point,  I  mixed  together,  in  a  state 
of  powder,  a  small  quantity  of  gypsum  and  carbonate  of  am- 
monia, at  the  same  time  applying  a  little  mobture,  and  a  gentle 
heat.  For  two  or  three  hours  the  volatility  of  the  ammonia, 
evident  from  its  pungent  smell,  continued  still  very  perceptible; 
but  in  the  course  of  a  day  it  became  less  apparent,  until  at  last 
all  the  peculiar  pungency  of  smell  ceased.      To  ascertain 
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more  satisfactprily  that  this  volatility  was  subdued,  I  subjected 
the  mixture  to  considerable  heat.  Had  the  ammonia  continued 
volatile,  this  process  must  have  driven  it  off;  but  afterwards, 
to  prove  that  it  still  actually  remained  in  the  mixture,  I  added 
a  little  quick  lime  and  moisture,  upon  which  a  re- combination 
took  place;  the  sulphuric  acid  leaving  the  ammonia,  and  com- 
bining with  the  quick  lime,  and  again  forming  sulphate  of 
Ume;  the  ammonia,  in  a  gaseous  state,  flying  off  into  the  at- 
mosphere. This  latter  part  of  the  experiment  I  will  show 
you,  first  premising,  in  order  to  reconcile  this  seeming  para- 
dox, that  although  sulphuric  acid  has  a  greater  affinity  for 
ammonia  than  carbonate  of  lime,  as  in  the  original  or  first 
experiment  mentioned,  it  still  prefers,  and  will  combine  with, 
quick  or  simple  lime,  and  discards  the  ammonia  to  accomplish 
this  purpose.     This  process  is  exemplified  as  follows : — 

Sulphate  of  f  Sulphuric  Acid  v. 

Ammonia  \  Ammonia ^^s^JDispersed  in  a  gaseous  state. 

Quick  Lime     Lime >v  Sulphate  of  Lime. 

Here  allow  me  to  remark,  that  arguing  from  this  result,  it 
appears  that  the  application  of  quick  lime  simultaneously  wi|;h 
farm-yard  manure,  must  be  injurious;  as  the  lime,  when  in  the 
quick  state,  will  tend  to  disperse  the  ammonia  generated  in  the 
manure;  but  carbonate  of  lime,  or  lime  become  effete  by  long 
exposure  to  the  atmospheric  air,  has  not  that  hurtful  tendency. 
The  Rev.  Wm.  Thorp,  one  of  the  most  active  and  efficient 
members  of  this  society,  and  one  to  whom  we  have  been  indebted 
for  many  and  valuable  papers,  in  his  Report,  read  before  the 
Yorkshire  Agricultural  Society  at  Hull,  on  Agricultural  Geo- 
logy, seems  to  doubt  the  assertions  of  Liebig,  Dr.  Daubeny, 
Professor  Johnstone,  and  others,  **  that  the  use  of  gypsum  is 
"  to  fix  or  to  deprive  ammonia  of  its  volatility,  that  a  double 
^'  decomposition  takes  place,  and  that  sulphate  of  ammonia 
"  and  cixrbonate  of  lime  are  formed."     I  think  that  what  I 
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have  stated  above,  and  the  experiments  tried,  are  sufficient 
testimony  to  the  correctness  of  the  theory  of  those  eminent 
gentlemen,  and  prove  that  the  double  decomposition  does 
actually  take  place.  Having  satisfied  myself  that  great  benefit 
might  be  derived  from  the  application  of  gypsum,  it  struck 
me  that  it  was  possible  to  find  the  same  properties,  though  in 
an  inferior  degree,  in  some  of  the  unsightly  masses  of  refuse 
surrounding  coal  mines.  I  therefore  proceeded  to  examine 
the  following  substances,  namely,  common  coal  ashes,  burnt 
slack  or  refuse  small  coal,  mixed  with  drosses  or  iron  pyrites, 
burnt  blue  metal  or  indurated  clay,  found  in  sinking  pits,  and 
frequently  forming  the  roof  and  floor  to  coal,  in  which  are 
often  embedded  fossil  shells  and  vegetable  remains,  the  whole 
turning  to  a  red  colour  when  burnt ;  and  other  strata  which 
bum  to  a  white  substance.  I  have  also  examined  a  strongly 
impregnated  mineral  water,  whicH  exudes  during  wet  weather 
from  the  coal  when  stacked  on  the  surface.  Had  my  chem- 
ical knowledge  been  greater,  I  should  more  accurately  have 
analyzed  them ;  as  it  is,  I  have  only  been  able  to  detect  some 
of  their  ingredients,  without  minutely  ascertaining  their  pre- 
cise qualities.  But  I  believe  I  can  prove,  nevertheless,  that 
they  do  contain  many  substances,  which,  under  proper  treat- 
ment, may  be  rendered  available.  Of  these  the  chief  is  sul- 
phuric acid,  the  presence  of  which  I  have  detected  in  all ; 
and,  as^  is  the  case  in  gypsum,  this  is  valuable  by  arresting 
ammonia  when  brought  into  contact  with  it.  Before  we  can, 
however,  with  safety  apply  these  refuse  substances  to  heaps 
of  manure,  we  must  endeavour  to  ascertain  the  nature  of  the 
other  ingredients,  lest  they  should  prove  prejudicial.  I  think 
I  can  show  you  that  they  contain  both  lime  and  iron ;  in  fact 
the  circumstance  of  the  refuse  burning  to  a  red  colour  is 
sufficient  proof  of  the  presence  of  the  latter ;  and  the  former 
(lime)  may  be  accounted  for  from  the  frequent  recurrence 
of  fossil  shells,  which  are  composed  of  lime; — [a  specimen 
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was  here  exhibited  to  the  meeting].  The  first  of  these 
substances  (lime)  is  almost  universally  acknowledged  to  be 
beneficial,  and  the  second  (iron)  when  in  the  state  of  a 
Peroxide,  is  likewise  stated  to  be  so,  when  present  in 
the  soil  in  small  quantities.  On  referring  to  the  analysis  of 
fertile  soils,  made  by  Sir  Humphry  Davy,  Liebig,  and 
Sprengel,  I  observe  that  there  is  invariably  present  a 
portion  of  oxide  of  iron,  varying  from  two  to  eight  per 
cent.;  and  I  find  from  a  table  of  the  fixed  constituents  of 
various  crops,  issued  by  the  latter  chemist,  (Sprengel),  that 
the  same  substance  is  always  detected  in  a  greater  or  less 
degree,  proving  it  to  be  essential  to  the  proper  development 
of  the  plant.  From  the  examination  to  which  I  have  sub- 
jected these  different  kinds  of  refuse,  I  believe  them  to 
contain  also  alumina  and  magnesia,  both  of  which  are 
constituents  of  fertile  soils,  and  their  vegetable  products.  In 
fact  we  have  lately  had  a  decided  proof  of  the  presence  of 
magnesia  in  burnt  refuse.  We  were  leading  upon  the  land 
a  heap  of  slack  and  pyrites  which  had  long  been  in  a  state 
of  ignition,  and  found  on  removing  it,  a  thick  layer  of  crys- 
talized  salt,  which,  on  examination  by  a  professed  chemist, 
was  pronounced  to  be  simple  sulphate  of  magnesia  or 
Epsom  salts;  [a  specimen  was  here  exhibited].  The  burnt 
refuse  of  a  pit  hill  has  been  successfully  employed  by  Mr. 
Forge,  steward  to  Sir  Wm.  Pilkington,  at  Chevet  Hall,  near 
Wakefield,  as  a  substitute  for  riddled  ashes  from  houses, 
mixed  with  bones,  for  his  turnip  crop.  He  informed  me 
that  the  portion  of  land  on  which  this  refuse  was  applied, 
bore  a  decidedly  better  crop  than  the  part  where  the  common 
ashes  were  laid.  It  should  likewise  be  considered  that  ashes 
and  burnt  mining  refuse  will  have  a  mechanical  effect  upon 
a  stiff  soil,  after  the  chemical  action  ceases,  and  will  improve 
its  texture  by  rendering  it  more  porous  and  easier  to  be 
worked  by  the  plough  and  harrow.     The  prevailing  character 
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of  the  land  in  England  is  of  this  nature,  especially  in  the 
coal  districts.  A  stiff  soil  is  much  more  capable  of  per- 
manent improvement  by  assiduous  cultivation  than  a  light 
one,  and  it  is  to  land  of  this  nature  that  we  must  look  for 
the  increased  production  which  is  necessary  for  the  prosperity 
of  the  agriculturist 

Engine  ashes  are  frequently  considered  as  a  nuisance,  but, 
when  riddled,  the  smaller  part  may  be  usefully  employed  as  a 
top  dressing  to  heavy  stiff  land,  while  the  larger  portion  acts 
well  as  a  filling  for  drains.  In  two  instances  (one  of  them  in 
conseqnence  of  my  own  recommendation)  I  know  them  to 
have  thoroughly  answered  for  the  latter  purpose,  and  the 
drains  are  very  effective.  The  larger  portion  of  the  burnt 
coal-pit  refuse  would  no  doubt  answer  equally  welL  On  the 
table  is  some  of  the  mineral  water  before  alluded  to,  which  is 
remarkable  for  the  quantity  of  sulphuric  acid  which  it  con- 
tains, partly  combined  with  iron  :^  the  presence  of  both  can 
easily  be  manifested — ^the  iron,  by  applying  ferro-^russiate 
of  potash,  and  the  sulphuric  acid  with  nitrate  of  baryta. 
From  the  quantity  of  acid  which  is  perceptible,  part  of 
which  is  free  or  uncombined,  I  conceive  it  may  be  used  as  a 
substitute  for  the  sulphuric  acid  of  the  manufacturer,  or  for 
gypsum,  in  fixing  ammonia,  and  I  have  so  applied  it.  May 
it  not  also  be  used  beneficially  in  the  slacking  of  Ume,  by 
which  gypsum  would  be  formed  ?  Sir  Humphry  Davy,  in 
his  lectures,  says : — ^^  I  have  witnessed  the  fertilizing  effects 
<<  of  a  ferruginous  water  used  for  irrigating  a  grass  meadow, 
<<  near  Wobum :  I  have  no  doubt  the  vitriolic  water  acted 
**  chiefly  by  producing  gypsum."  Wherever  coal  is  much 
impregnated  with  sulphuret  of  iron  or  pyrites,  on  exposure 
to  the  weather,  the  wa:ter  draining  from  it  will  be,  more  or 
less,  found  of  a  similar  quality.  [A  Salt,  obtained  by  the 
evaporation  of  this  water,  was  on  the  table.] 

At  a  colliery,  there  are  generally  large  accumulations  of 
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very  small  coal-dust,  which  is  the  refuse  after  what  is  called 
riddled  slack  is  extracted  It  is  again  an  interesting  inquiry 
— Can  this  be  made  useful  in  the  raw  or  unbumt  state  ?  for, 
being  so  smaU,  and  lying  so  close,  it  refuses  to  be  consumed 
by  itself.  Pure  coal  is  composed  of  oxygen,  hydrogen, 
nitrogen,  and  carbon,  in  different  proportions,  according  to 
the  nature  of  the  coal :  none  of  these  constituents  are  in  them- 
selves injurious  to  vegetation,  and,  if  there  be  any  thing  dele- 
terious in  the  application  of  coal  to  land,  it  appears  to  me  that 
it  must  arise  from  the  extraneous  matter  there  found;  the 
bad  effects  of  which  may,  I  conceive,  not  only  be  neutralized 
by  the  addition  of  lime,  or  other  correctives,  but  may,  very 
probably,  be  rendered  actually  fertilizing.  This  experiment 
I  am  now  trying,  having  made  a  compost  heap  of  one-fourth 
lime  and  three-fourths  coal-dust,  which  is  applied  both  to 
wheat  and  grass  land,  the  result  of  which  cannot  be  properly 
appreciated  until  the  cropg  arrive  nearer  to  maturity,  but  at 
present  the  wheat  looks  promising.  As  evidence  that  lime 
does  at  any  rate  neutralize  any  bad  effects  arising  from  an 
excess  of  small  coal  being  scattered  over  the  surface  of  land, 
I  beg  to  refer  to  a  letter  in  the  Quarterly  Journal  of  AgricuU 
ture,  dated  September,  1828.     The  writer  says: — 

^^  A  farm  which  I  occupy  has  been  completely  undermined 
'^  in  working  for  coal.  As  the  seam  is  near  the  surface^ 
'^  great  injury  has  been  occasioned  by  the  small  coal  remsun- 
<<  ing  upon  the  surface,  and  getting  mixed  with  the  soil. 
"  The  numerous  places  where  either  the  coal  or  water 
"  has  been  raised,  were  either  quite  barren,  or,  if  sown 
"  with  corn,  though  it  frequently  vegetated,  yet  it  always 
'<  became  unhealthy,  and  shrivelled  up  before  the  harvest. 
"  I  tried  removing  and  mixing  it  up  with  the  soil,  or  entirely 
"  covering  it  over.  These  methods  were  only  partially  suc- 
^^  cessful,  and  could  only  be  accomplished  at  a  considerable 
**  expense.     I  had  somewhere  heard  that  lime,  if  applied  in 
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^*  a  considerable  quantity,  would  destroy  any  acid  in  the  coal 
^'  I  first  tried  it  upon  some  patches  in  a  fallow  field,  which 
**  were  sown  with  Wheat  in  1826,  and  I  thought  I  had  been 
**  successful ;  but  though  the  plants  looked  healthy  during 
"  the  winter  and  the  spring,  yet,  towards  the  harvest,  they 
**  became  shriyelled,  and  were  not  very  productive,  I  re- 
*^  peated  the  experiment  the  following  year,  again  upon  fal- 
^'  low,  but  applying  nearly  double  the  quantity  of  lime ;  and 
<<  have  been  this  year  so  fortunate  as  to  reap  as  much  wheat 
**^  as  from  the  other  parts  of  the  field,  and  the  grass  seeds 
*^  look  better  than  on  the  adjoining  parts.  The  patch  was 
**  very  irregular,  yet  I  may  venture  to  estimate  the  quantity 
**  of  lime  at  about  twenty  cart  loads  per  English  acre,  from 
**  the  kilns ;  but  I  am  convinced  that  I  could  scarcely  apply 
^*  too  much,  particularly  as  the  coal  is  known  to  contsdn  a 
«<  great  quantity  of  sulphur,  which,  becoming  acidified  by 
**  the  action  of  heat  and  air,  produces  sulphuric  and  sul- 
^'  phurous  acid,  the  very  poisonous  efiects  of  which  are  ably 
**  pointed  out  in  your  paper.  I  mean  to  follow  up  this 
^*  experiment,  and  hope  to  be  able  to  convert  to  fertility 
**  those  barren  places  which  are  so  very  annoying  to  the  eye 
**  of  the  farmer,  when  they  appear  at  harvest  in  fields  other- 
*'  wise  covered  with  com." 

Here,  no  doubt,  there  was  an  excess  of  acid,  as  the  writer 
conjectures,  and  the  lime  would  have  a  chemical  effect  in 
neutralizing  that  acid  and  forming  sulphate  of  lime  or 
gypsum,  which  is  a  valuable  assistant  in  agriculture;  and 
thus  the  very  property  of  the  coal,  which  was  considered 
poisonous,  was  converted  into  nutriment.  We  have  ourselves 
experienced  the  good  efiects  of  applying  to  land  the  small 
coke  which  is  produced  by  riddling  that  which  we  supply  to 
the  railway ;  as  our  most  promising  crop  of  wheat  is  on  a 
field  which  was  profusely  dressed  with  that  refuse. 

There  -are  many  other  substances,  hitherto  considered  of 
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little  or  no  ralue,  which  might,  no  doubt,  be  rendered  avail- 
able for  the  amelioration  of  land,  amongst  which  I  will  merely 
mention  two  or  three,  which,  when  they  can  be  readily 
obtained,  ought  not  to  be  neglected  by  the  farmer.  I  allude 
particularly  to  the  scrapings  from  roads  repaired  with  the 
foundry  drossj  and  those  repaired  with  lime -stone.  The 
former  is  said  to  contain  silica,  lime,  and  potash,  which  are 
essentials  in  securing  a  good  crop  of  com,  and  the  latter 
is  carbonate  of  lime,  the  beneficial  effects  of  which  I  believe 
few  will  dispute,  at  least  on  land  where  there  is  not  already 
an  excess  of  calcareous  matter.  Other  road  scrapiogs  might 
also  be  advantageously  applied  to  stiff  land  from  their 
mechanical  action,  though  their  ch^nical  properties  might  not 
be  yery  appreciable. 

After  I  had  made  the  above  detailed  experiments,  I  acci- 
dentally met  with  a  paragraph  in  the  Farmers  Magazine  for 
January  last,  which  has  strengthened  and  confirmed  the  ideas 
that  I  had  previously  entertained  of  the  available  nature  of 
mining  refuse.     It  states — 

^^  Count  Hompesch,  a  Belgian  gentleman,  has  taken  out  a 
^^  patent  for  the  preparation  of  a  manure  more  powerful  and 
**  cheaper  than  any  yet  invented.  His  plan  is  said  to  consist 
^^  in  fixing  all  the  volatile  parts  of  nightsoil  and  other  such 
^^  substances,  by  means  of  the  ashes  of  the  o5litic  shale  of 
^^  Portland.  The  shale  is  employed,  in  the  first  place,  as  a 
«  source  from  which  oil,  turpentine,  and  other  substances  are 
'^  extracted ;  the  residue  goes  to  the  preparation  of  the 
"  manure,  which  is  said  to  be  converted  somewhere  on  the 
"  Isle  of  Dogs,  and  sold  in  a  dry  state  in  the  form  of  bricks. 
^^  As  the  materials  to  be  thus  employed  are  inexhaustible, 
"  and  at  present  almost  valueless,  it  is  expected  that  the  pre- 
^^  paration  of  the  fertilizer  in  question  will  become  a  matter 
^^  of  great  national  importance.  As  people  have  become  too 
*^  wise  to  wonder  at  sugar  being  made  from  old  rags,  so  will 
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^  tbej  be  eqodUy  prepared  to  hear  that  oil»  and  taUow,  and 
'*  soap,  are  to  be  fiibricated  from  the  hardened  mud  of  die 
c*  coal  mines — ^for  such  is  shale.** 

In  Cornwall,  also,  I  belieTe,  the  mimng  refiiae  is  exciting 
attention,  and  I  understand  that  a  weak  description  of  sul- 
phuric add  is  obtained  from  it  by  distillation,  which  again  is 
used  in  the  process  of  manu&cturing  common  soda. 

It  has  fi^uendy  occurred  to  me  as  an  extremely  interest- 
ing speculation,  whether,  as  Chemical  science  adyances,  a 
method  may  not  be  discovered  of  cheaply  producing  ammonia 
from  its  constituents,  hydrogen  and  nitrogen,  obtained  from 
water  and  air, — the  chemical  combination  being  accom- 
plished by  the  agency  of  Galyanism,  or  some  other  powerful 
means. 

Having  now  given  you  the  result  of  experiments  very 
interesting  to  myself,  and  which  I  hope  will  lead  others  to  a 
continued  investigation  of  a  subject  that  may  ultimately  be 
productive  of  great  advantage,  allow  me  to  call  the  attention 
of  tiiose  interested  in  Agricultural  Chemistry  to  an  analytical 
table  of  the  constituents  of  various  cultivated  plants,  origi- 
nally drawn  up  by  those  eminent  chemists,  Boussingault  and 
Sprengel,  and  which  I  have  caused  to  be  re-printed^  with  some 
modifications  and  additions,  from  one  furnished  to  me  by  Mr. 
Haywood,  analytic  chemist,  of  Worksop.  This  table  clearly 
points  out  to  the  fanner  the  fixed  constituents  of  any  given 
vegetable  produce;  and  the  plain  inference  is,  that  unless  his 
crop  can  obtain  those  constituents  from  the  soil,  he  must  not 
expect  a  perfectiy  developed  plant,  or,  in  other  words,  he 
must  look  in  vain  for  a  good  crop.  If  his  land  is  deficient  in 
any  of  those  constituents,  they  must  be  introduced  artificially. 
Under  this  system,  I  think  it  not  too  much  to  expect  that, 
with  proper  scientific  management,  even  successive  good 
crops  of  wheat  may  be  raised  on  the  same  land,  by  supplying 
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to  the  soil  those  constituents  which,  as  analysis  points  out  to 
the  inquiring  mind,  become  exhausted  by  such  treatment 
Could  this  table  be  used  in  conjunction  with  an  analysis  of 
the  soils  on  which  his  efforts  are  to  be  employed,  the  agricul- 
turist might  indeed  feel  that  science  had  opened  to  him  a 
prospect  of  almost  boundless  improyement  in  the  results  of 
his  labour ;  and  it  could  no  longer  be  said  that  *^  Agriculture 
^*  owed  nothing  to  Chemistry." 


At  the  Evening  Sitting,  the  following  Paper  was  read  : — 

ON  THE  RECIPROCAL  PROPELLING  POWERS  OF  FLUIDS, 
AND  CERTAIN  ROTARY  MACHINES  UPON  EACH  OTHER. 
BY   B.    BIRAM,    ESQ.,    WENTWORTH. 

The  object  of  this  communication  is  to  elucidate  the 
principle  of  action  and  proper  construction  of  those  rotary 
machines  which  derive  their  motion  from  the  oblique  impulse 
of  fluids,  as  in  the  vertical  windmill ;  or  which,  on  the  other 
hand,  are  capable  of  giving  motion  to  fluids  by  an  oblique 
impulse;  being  themselves  propelled  by  some  other  source 
of  power. 

Since  the  introduction  of  steam  power,  wind,  as  a  prime 
mover  of  machinery,  has  been  comparatively  little  thought 
of;  yet,  from  the  abundant  supply  which  often  sweeps  over 
the  land,  and  from  the  great  economy  of  its  application,  it  is 
well  deserving  of  consideration.  We  find,  however,  that 
little  has  been  done  for  a  long  series  of  years  towards  the 
improvement  of  this  description  of  power ;  that  nearly  the 
same  form  of  windmill  sail  is  still  adhered  to  which  the 
illustrious  Smeaton  found  to  be  the  best;  and  that  the  employ- 
ment of  wind  for  driving  machinery,  instead  of  progressing. 
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is,  on  account  of  its  uncertainty,  and  from  the  difficulty 
occasionally  of  goyerning  its  impetuosity,  fast  sinking  into 
disuse.  Being  fully  persuaded  that  this  power  deseryes  more 
the  attention  of  scientific  men,  after  considerable  thought 
upon  the  subject,  and  at  the  risk  of  being  thought  presump- 
tuous, I  have  yentured  to  question  the  truth  of  the  conclusion 
at  which  Smeaton  arriyed  after  his  numerous  experiments, 
and  now  submit,  that  the  shape  of  sail  which  he  recommends 
is  capable  of  improyement,  and  that  with  properly  constructed 
sails,  the  whole  cylinder  of  wind  in  which  they  may  be  said 
to  reyolye,  may  be  adyantageously  intercepted,  whereby  the 
same  area  of  resisting  surface  may  be  presented  to  the  wind, 
with  a  reduction  of  2-5ths  of  the  diameter  of  the  sail,  or, 
retaining  the  same  diameter  of  the  sails,  the  power  of  the 
mill  may  be  nearly  doubled. 

I  think  it  will  be  eyident  to  all  who  pay  attention  to  the 
subject,  that  eyery  portion  of  the  sail  should  present  a  pro- 
portionate resistance  to  the  wind,  and  should  recede  from 
its  impulse  with  that  yelocity  which  would  least  interrupt  the 
wind's  onward  progress.  If  the  object  in  yiew  were  to  pro- 
duce rectilineal  motion,  such,  for  instance,  as  the  propelling 
a  carriage  upon  a  railway  in  a  right  line  oblique  to  the  wind's 
direction,  the  best  form  of  sail  would  doubtless  be  a  flat 
surface,  and  the  angle  with  the  wind  uniform  throughout : 
but  the  circumstances  are  much  altered  when  a  rotary  motion 
is  required ;  in  that  case  the  yelocity  of  the  sail  yaries  con- 
stantly from  the  extremity  to  the  axle,  whilst  the  wind 
continues  to  act  upon  the  sail  with  equal  yelocity  throughout 
the  whole  area  of  the  revolying  circle.  In  order,  therefore, 
that  the  sail  should  present  a  due  resistance  to  the  wind,  and 
on  the  other  hand  not  disadyantageously  intercept  its  pro- 
gress, that  form  should  be  adopted  which  is  the  best  calculated 
for  securing  this  object. 
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The  sail  of  a  windmill  will,  of  course,  be  the  length  of  the 
radius  of  a  circle  in  which  it  revolves.     The  parallelogram 
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A  B  c  D,  Fig.  % 
represents  this 
radius;  CBbeing 
the  axUy  and  the 
length  being  di- 
vided into  six 
equalparts.  Let 
ABf  Fig,  1,  equal 
the  curved  line 
of  the  sixth  part  of  a  circle,  which  the  periphery  of  the 
revolving  sail  would  describe,  the  chord  of  its  arc  would 
then  be  equal  to  the  radius  a  b,  Fig,  2,  and  the  chord  of 
the  several  arcs  5-5,  4-4,  3-3,  2-2,  1-1,  Fig.  1,  would  be 
respectively  equal  to  the  lengths  5b,  4b,  3b,  2b,  and  1b, 
Fig.  2.  The  periphery  of  the  sail  a  b.  Fig.  1,  being 
placed  at  an  angle  with  regard  to  the  plane  of  rotation,  the 
two  points  would  not  revolve  in  the  same  line,  but  would 
describe  a  cylinder,  the  depth  of  which  may  be  said  to  be 
D  A,  Fig.  2  ;  and  as  the  length  of  the  lines  a  b,  Fig.  1  and  2, 
are  respectively  equal  to  each  other,  the  angle  cab,  Fig.  2, 
would  be  the  angle  of  the  extremity  of  the  sail  with  the 
plane  of  rotation.  The  sail  being  Considered  without  fric^ 
tion,  the  tendency  of  the  wind  on  the  oblique  plane  a  b,  Fig.  1, 
(represented  by  a  c,  Fig.  2,  the  arrow  denoting  the  direction 
of  the  wind,)  would  be  to  cause  the  sail  to  revolve  from  a  to  b 
in  the  time  the  wind  passed  from  d  to  a,  and  as  the  several 
other  portions  of  the  sail  would  in  the  same  time  each  pass 
through  the  spaces  5-5,  4-4,  3-3,  2-2,  1-1,  the  angle  which 
the  sail  should  present  at  those  several  points,  should  be 
respectively  c  5  b,  c  4  b,  c  3  b,  c  2  b,  and  c  1  b. 

The  form  of  sail  which  Smeaton  recommends  accords  in 
some  measure  to  this  principle,  inasmuch-  as  the  angle  of 
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the  sail  with  the  plane  of  rotation  increases  towards  the  axis ; 

but  it  is  not  clear  that  he  has  any  rule  for  determining  those 

angles,  more  than  that  they  were  the  angles  of  those  sails 

with  which  he  experimented,  which  produced  the  greatest 

mechanical  effect.     The  following  are  the  angles  which  he 

prescribes : — 

smbaton's  construction. 
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With  sails  formed  upon  Smeaton's  plan,  I  am  not  surprised 
that  he  found  the  whole  cylinder  of  wind  could  not  be 
advantageously  intercepted;  but  with  properly  oonstrueted 
sails,  I  am  persuaded  that  he  would  have  arriyed  at  a  differ- 
ent conclusion,  and  that  he  would  also  have  found,  that  the 
angle  at  which  the  extremity  oS.  the  sail  might  be  advan- 
tageously set,  would  admit  of  a  much  more  extensive  range, 
where  the  products  of  the  velocity,  multiplied  by  the  weight 
raised  in  a  given  time,  woidd  have  produced  an  uniform 
maximum  result  At  least,  so  I  have  inferred  from  the 
foUowkig  experiments. 

It  is  not  easy  to  show  the  unnecessary  obstruction,  and 
consequent  loss  of  power,  which  the  wind  encounters  from 
iU-formed  sails;  but  if  water  be  the  medium  in  which  the 
sails  are  made  to  revolve,  very  conclusive  evidence  of  the 
£act  Boay  be  exhibited.  If  in  any  vessel  of  water  a  number 
of  small  pieces  of  paper,  bran,  or  other  light  body  of  about 
the  same  specific  gravity  as  water  be  sprinkled,  the  effect 
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produced  upon  the  floating  bodies  by  sails  at  different  angles 
and  of  different  constructions,  will  be  seen  by  submerging  the 
sails,  and  passing  them  through  the  water  in  the  direction  of 
the  axis.  If  the  sails  be  formed  of  the  construction  hereby 
reconmiended,  they  will  reyolve  without  materially  disturbing 
the  particles  of  floating  matter ;  but  in  proportion  as  the  form 
differs  from  this  principle,  there  will  be  more  or  less  disturb- 
ance of  the  water,  and  commotion  amongst  the  bodies  floating 
therein. 

These  experiments  in  water  also  clearly  establish  the  law 
which  governs  the  velocity  of  revolving  bodies,  acted  upon 
by  fluids  on  this  principle.  For  let  a  b.  Fig.  3,*  represent 
the  plane  in  which  the  wheel  rotates 
upon  its  axis,  and  the  oblique  lines  ^p 
drawn  from  b,  and  terminating  in  the  ^ 
line  A  c,  be  the  angles  which  the  „ 
extremity  of  the  vanes  of  variously 
formed  wheels  make  with  the  plane 
of  rotation ;  then  supposing  a  b  also 
to  represent  a  line  of  the  same  length 
as  the  circumference  of  the  wheel  w. 
Fig.  4,  and  the  angle  a  b  b  be  that 
which  the  extremity  of  the  vane  or 
sail  forms  with  the  plane  of  rotation, 
the  wheel  upon  being  moved  through 
the  water  in  the  direction  of  the  axis, 
would  make  one  revolution  in  the  dis- 
tance A  B,  or  four  in  that  of  its  own    circumference. 

*  This  diagnun,  Fig.  3,  presents  a  conveDient  method  of  ascertaining  the  proper 
angles  to  be  given  to  vanes  or  floats  at  any  required  distance  from  the  centre  of 
the  wheel,  the  angle  at  any  one  distance  being  given. 

The  line  a  b  represents  the  radius  of  the  wheel,  b  d  the  axis,  and  a  c  the 
periphery  of  the  wheel,  the  lines  1,  2»  3, 4,  5^  divide  the  radius  into  six  equal 
parts.  The  angle  which  the  vane  is  to  have  at  any  given  distance  from  the 
centre  of  the  wheel,  must  be  set  off  from  the  point  B,  on  the  line  b  c,  through 
which  an  oblique  line  should  be  drawn  until  it  interNCti  the  vertical  line  at  the 
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the  angle  of  the  extremity  were  a  b  f,  it  would  make  one 
revolution  in  the  distance  a  f,  or  two  in  that  of  its  own  cir- 
cumference, and  so  on ;  if  the  other  oblique  lines  represented 
the  angle  of  the  extremity  of  the  vane  of  the  wheel,  the 
wheel  would  reyolve  once  in  the  distance  from  a,  to  where  its 
corresponding  oblique  line  intersected  the  line  a  c.  I  have 
proved  these  to  be  facts  by  a  variety  of  experiments.  In  the 
first  instance,  I  procured  three  tin  models  ten  inches  diameter 
and  two-and-a-half  inches  deep,  which  had  each  six  vanes, 
but  at  different  angles,  from  which  I  found  that  a  revolution 
was  made  by  each  wheel  upon  being  passed  through  the 
water,  in  distances  proportionate  to  the  tangent  of  the  angles, 
as  already  described.  From  this  I  inferred  that  the  principle 
would  prove  a  correct  one  for  measuring  the  velocity  of 
currents  of  water,  or  of  vessels  through  the  water ;  I  had, 
therefore,  two  wheels  constructed,  the  circumference  of  eacb 
of  whicb  was  the  1000th  part  of  a  mUe:  the  vanes  of  one 
were  made  with  the  periphery  at  an  angle  of  45%  or  a  b  a 
Fig.  3,  and  the  other  at  an  angle  of  26''  34",  or  a  b  f,  the 
intention  being  that  the  first  should  make  1,000,  and  the  latter 
2,000  revolutions  in  a  mile.  Wbeel  work  was  attached  to 
each,  so  arranged  as  to  cause  an  index  to  make  one  revolution 
rouud  a  dial  plate  fixed  a  little  above  each  of  the  wheels  in 
one  mile,  which  dial  plates  were  subdivided  to  mark  furlongs 
and  chains.  To  test  these  wheels  I  measured  the  distance 
of  half-ar-mile  on  the  straight  bank  of  a  canal,  leaving  a  mark 
at  each  furlong ;  and,  afterwards  getting  into  a  boat,  I  was 
hauled  along  the  canal  parallel  to  the  measured  distance,  eacb 
wheel  being  successively  submerged  through  that  distance ; 
when  tbe  distance  recorded  by  the  index  of  each  wheel  was 


given  distance ;  through  this  point  of  intersection  draw  a  radius  line  parallel  to 
A  B,  and  oblique  tines  drawn  from  b,  to  the  several  points  of  intersection  of  the 
vertical  lines  Uius  found,  will  be  the  angle  which  the  vane  should  make  at  those 
■efveral  distances  from  the  centre  line  b  o. 
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found  minutely  to  coincide  with  the  distance  previously  mea- 
sured upon  the  hank.* 

From  these  experiments  I  am  persuaded  that  this  con- 
struction of  wheel  is  well  adapted  either  for  registering 
continuously  the  progress  of  a  vessel  through  the  pathless 
deep,  or  for  ascertaining  at  intervals,  as  a  substitute  for  the 
common  log,  what  is  the  rate  of  sailing  at  the  time  of 
observation.  For  the  latter  purpose  a  small  wheel  one  foot 
in  diameter  would  be  sufficient,  attached  to  the  side  of  the 
vessel,  so  contrived  as  to  be  let  into  the  water  or  withdrawn 
at  pleasure.  The  motion  of  the  wheel  might  readily  be 
transmitted  by  a  rod,  working  in  a  tube  to  an  index  near  the 
observer  upon  deck. 

But  the  very  powerful  tendency  which  these  wheels  possess 
of  rotating  upon  their  axes  when  placed  in  a  stream  of  water, 
show  that  they  admit  of  very  extended  application.  Not 
only  will  they  be  found  an  improvement  upon  the  common 
windmill  sail  where  a  defect  in  construction,  in  consequence 
of  the  elastic  nature  of  the  moving  power,  cannot  be  easily 
detected,  but  they  may  be  advantageously  substituted  for 
the  undershot  water-wheel,  in  rivers  and  situations  where 
there  is  greater  depth  of  water  than  can  be  made  to  act  upon 
the  floats  of  such  wheels.  The  undershot  water-wheel  can  only 
be  advantageously  immersed  in  the  stream  to  the  depth  of  a 
certain  proportion  of  its  radius;  to  increase,  therefore,  its 
power,  its  bulk  must  be  increased  in  an  extraordinary  degree. 
These  wheels,  on  the  contrary,  admit  of  any  depth  of  immer- 

*  I  have  since  made  others  of  a  very  delicate  construction,  and  have  found 
them  calculated  to  measure  with  tolerable  accuracy  fhe  velocity  of  the  wind  or 
the  currents  of  air  through  mines ;  to  these  I  have  attached  wheel-work  to  ref^ister 
the  current  which  had  passed  through  them  up  to  1,000,000  feet  I  had  also 
contrived  an  apparatus  to  be  attached  thereto,  so  that  not  only  the  velocity  of  the 
air  at  the  time  of  observation  could  be  registered,  but  the  machine  itself  would 
register  what  had  been  tlie  velocity  at  any  period  during  the  interval  of  a  week. 
In  this  apparatus,  however,  I  have  reason  to  suppose,  I  have  been  anticipated  by 
a  gentleman  who  has  recently  taken  out  a  patent  for  a  similar  invention. 
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sioii,  and  their  power  would  increase  in  proportion  to  the 
area  of  their  immersed  surface.  A  powerful  undershot 
wheel  requires  not  only  to  be  of  large  diameter,  but  also  of 
great  breadth,  to  giye  sufficient  area  to  the  acting  floats. 
These,  on  the  contrary,  may  be  made  exceedingly  narrow, 
and  tbere  would  be  no  advantage  in  their  breadth  exceeding 
one-eightb  of  their  diameter. 

Tbese  are  among  the  useful  applications  of  such  formed 
wheels,  when  impelled  by  fluids.  We  have  now  to  consider 
them  as  applied  to  give  motion  to  fluids  when  impelled  by 
some  other  source  of  power ;  and  as  in  the  first  instance  the 
rotation  of  the  wheel  upon  its  axis  was  the  quickest  when  the 
angle  of  the  vanes  with  the  plane  of  rotation  was  the  smallest, 
so  I  have  found  that  the  motion  of  the  propelled  fluid  is 
greater  in  proportion  as  the  angle  of  the  vane  with  the  plane 
of  rotation  is  greater,  within  certain  limits.  For  if  the  wind 
acting  in  the  direction  a  b  against  the 
body  c  D,  placed  obliquely  to  its  course, 
would  impel  the  body  towards  e,  so  I 
conceive  will  the  body  c  n,  striking  the 
air  in  the  direction  a  b,  have  an  equal 
tendency  to  impel  it  towards  e.  This  may 
be  illustrated  by  a  circular  vessel  filled 
with  water,  in  which  draw  any  flat  body 
held  as  in  the  position  a  frequently  to- 
wards B,  and  the  water  will  soon  assume 
a  rotary  motion  in  the  direction  of  the 
arrow,  more  or  less  quick  as  the  plane 
of  the  body  makes  a  greater  or  less 
angle  to  the  dotted  line  a  b. 

This  appears  to  me  nothing  more  or  less  than  the  action 
of  sculling,  by  which  the  oblique  action  of  the  oar  causes  a 
quantity  of    water  to  recede  from  the  stern  of  the  boat, 
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whilst  the  oar,  re-acting  upon  the  boat,  causes  it  to  advance 
with  the  difference  between  the  resisting  area  of  the  oar  and 
boat.  AH  the  sub-aqueous  stem  propellers — ^the  Archime- 
dian  screw,  as  it  is  called,  Blkxland's,  and  others — may  also 
be  called  rotary  sculls,  more  or  less  perfect  in  principle,  the 
great  defect  of  most  of  them  being,  that  the  angle  of  the 
blade  with  the  plane  of  rotation  is  too  small,  thereby  require 
ing,  to  produce  the  required  speed  in  the  vessel,  far  more 
revolutions  in  the  propeller  than  the  strokes  of  the  engine ; 
which  is  accomplished  by  additional  drums  and  straps,  or 
cog-wheels,  by  so  much  increasing  the  friction,  and  conse- 
quent wear  and  tear  of  the  machinery. 

By  the  aid  of  the  tin  models  already  referred  to,  I  made 
the  following  experiments : — I  procured  two  tin  boats  about 
two  feet  long,  which  were  coupled  together,  leaving  sufficient 
space  between  for  the  propellers  to  revolve  when  placed  at 
right  angles  to  the  path  of  the  boats.  The  power  applied  to 
put  them  in  motion  was  a  clock  spring,  whereby  each  wheel 
made  forty-two  revolutions  whibt  the  spring  was  unwinding. 
The  vanes  of  the  first  wheel  were  at  an  angle  of  about  25*, 
.which  propelled  the  boats,  by  forty-two  revolutions  of  the 
wheel,  54  links  in  35".  The  angle  of  the  second  was  45**,  by 
which,  in  the  same  number  of  revolutions  of  the  wheel,  the 
boats  were  propelled  120  links  in  T  15".  By  the  third,  with 
vanes  at  an  angle  of  53"*,  the  boats  were  propelled  150  links 
in  r  43".  These  several  distances  coincide  with  what  I  have 
advanced,  the  distances  being  in  proportion  to  the  tangents 
of  the  angles  of  the  vanes ;  they  show  that  when  the  angle 
of  the  propeller  with  the  plane  of  rotation  is  increased,  the 
resistance  to  rotation  is  also  increased ;  yet  that  there  is  no 
loss  of  power,  but  that  by  so  much  as  the  propeller  more 
slowly  rotates  on  its  own  axis,  the  boat  is  by  so  much  more 
advanced  with  one  revolution  of  the  propeller. 

By  other  experiments  I  also  found  that  there  is  a  certain 
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ratio  of  breadth  to  the  diameter  of  the  propeller,  from  which 
a  maximum  result  will  be  found.  I  tried  a  propeller  having 
eight  arms,  the  angles  of  which  were  at  56*,  and  the  propor- 
tion of  the  breadth  to  the  diameter  about  ^th,  which 
answered  remarkably  well.  I  thought  that  probably  another 
with  four  arms  at  the  same  angle,  and  of  the  same  length, 
but  double  the  breadth,  would  answer  as  well;  but  I  found 
that  the  speed  of  the  boat  was  thereby  greatly  diminished, 
and  the  distance  performed  not  so  great.  I  have  also  found 
that  there  is  a  decided  loss  by  too  many  arms  in  the  propellers: 
the  third  propeller  mentioned  in  the  last  paragraph,  having 
six  arms,  propelled  the  boats  150  links  in  V  43";  another 
of  the  same  diameter  and  angle,  having  sixteen  arms,  required 
S'  10'  to  accomplish  the  same  distance.  From  this  it  would 
appear  that  in  addition  to  the  particles  of  water  which  are 
put  in  motion  by  the  actual  contact  of  the  propeller,  there  is 
an  extra  quantity  moved  by  the  attraction  or  cohesion  of  the 
particles  of  water  to  each  other,  and  that  therefore  the  dis- 
tance of  the  propellers  from  each  other  should  be  such  as  to 
take  full  advantage  of  this  principle ;  and  that  if  they  be  too 
much  crowded  in  the  wheel,  they  prevent  the  proper  escape 
of  the  water,  and  tend  to  retard  the  velocity  of  the  vessel. 

The  success  attending  these  experiments  in  propelling 
upon  water,  induced  me  to  turn  my  attention  to  the  same 
principle  to  propel  air.  I  hiave  now  in  my  possession  a  model 
which  clearly  illustrates  the  great  capability  of  a  wheel  of 
this  construction.  The  model  is  twelve  inches  in  diameter 
and  two  inches  broad ;  it  has  eight  vanes,  the  periphery  being 
at  an  angle  of  45  degrees ;  it  is  mounted  upon  a  frame  at 
one  end  of  a  covered  opening,  a  little  exceeding  the  diameter 
of  the  wheel,  and  about  eighteen  inches  long,  and  is  put  into 
motion  by  a  wheel  and  pinion,  by  which  a  great  velocity  can 
be  given  to  it.  In  the  Other  end  of  the  opening,  I  fix  one  of 
the  wheels  I  have  made  for  measuring  the  velocity  of  currents 
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of  air,  and  by  turning  the  wheel  one  way  or  the  other,  I  can 
readily  cause  a  current  of  air  to  pass  through  the  passage, 
in  either  direction,  at  the  rate  of  900  to  1,000  feet  per 
minute.  I  think  there  cannot  .be  a  doubt  of  its  great  appli- 
cability for  ventilation  of  public  buildings,  the  holds  of  ships, 
and  also  for  mines.  ^  The  construction  is  simple  and  econo- 
micaly  the  space  which  it  would  require  would  be  small,  and 
the  current  of  air  which  it  would  propel  would  far  exceed  in 
quantity  that  of  any  other  wheel  of  the  same  dimensions. 


Marttn  J.  Roberts,  Esq.,  F.B.S.E.,  then  read  the  follow- 
ing paper, — 

DESCRIBING   THE    PROCESS    OF   BLASTING   BY   MEANS    OF 
GALVANISM. 

It  is  only  within  a  short  period  that  the  science  of  electricity 
has  in  any  manner  been  applied  to  the  arts,  but  it  offers  to 
our  use  a  powerful  agent  that  will  soon  be  directed  in  a 
thousand  ways  to  the  improvement  of  our.  chemical  processes 
and  manufactures.  We  have  already  its  assistance  in  the 
rapid  transmission  of  intelligence  by  the  galvanic  telegraph — 
in  the  multiplication  of  engraved  plates — in  the  art  of  gilding 
and  silvering  metals — in  assaying  ores — and  lastly,  in  that  I 
now  bring  under  your  notice,  the  firing  of  gunpowder  in 
blasting  rocks,  either  in  quarries,  mines,  or  subaqueous  opera^ 
tions.  This  application  of  the  electric  fluid  was  carried  into 
effect  by  me,  long  before  the  discoveries  I  have  mentioned, 
for  it  is  now  many  years  since  I  attempted  to  introduce  it  into 
the  mining  district  of  Cornwall,  and  it  is  right  that  it  should 
have  your  first  and  most  earnest  attention,  it  being  mainly 
directed  to  the  saving  of  life,  and  preservation  from  injury, 
to  the  poor  labourer,  who,  by  the  use  of  the  old  process  of 
blasting,  was  too  often  unhappily  deprived  either  of  life, 
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sigbt,  or  limb.  Such  being  the  object  for  which  I  first 
contrived  an  apparatus  for  this  employment  of  electricity, 
I  am  sure  you  will  join  me  with  equal  ardour  in  spreading  a 
knowledge  of  the  process,  and  in  inducing  workmen  and 
masters  to  use  this  safe  and  powerful  agent  in  their  daily 
operations  in  mines  and  quarries.  Were  this  object  too 
feeble  an  incentiye,  (which  I  would  not  for  a  moment  believe 
it  to  be  in  this  Christian  and  charitable  country,)  I  might 
perhaps  arouse  masters  to  a  sense  of  its  importance,  by 
showing  them  how  great  would  be  their  gain  in  a  pecuniary 
point  of  view,  for  it  can  be  proved  that  at  least  one-half  the 
gunpowder  necessary  in  the  old  process  would  be  saved  by 
the  adoption  of  this  new  method  ;  indeed,  a  correspondent 
in  the  Mechanics'  Magazine^  who  states  himself  to  be  con- 
nected either  as  lessee  or  proprietor  of  slate  mines  in  North 
Wales,  says,  that  he  finds  one  pound  of  gunpowder  as 
effective,  by  the  use  of  the  several  precautions  I  have  pointed 
out,  as  ten  pounds,  if  used  on  the  old  plan  of  blasting  rocks. 
To  explain  more  easily  in  what  manner  the  freedom  from 
danger  is  obtained,  it  will  be  well  that  I  first  describe  the  old 
method  of  blasting,  together  with  the  dangers  attendant  on 
it,  especially  as  there  may  be  many  now  present  not  con- 
versant with  the  operation.  When  a  rock  is  to  be  riven  or 
torn  from  its  bed  by  gunpowder,  a  hole  is  bored  in  the 
necessary  position,  about  two  inches  in  diameter,  and  varying 
from  two  to  twenty  feet  in  depth ;  when  dry  and  dean,  the 
charge  of  powder  is  poured  into  it,  and  in  order  that  the 
force  of  the  explosion  may  as  much  as  possible  be  expended 
upon  the  rock,  the  charge  is  confined  in  this  hole  by  filling  it 
with  loose  stones  or  gravel,  (technicaJly  called  tamping  or 
stemming)  from  the  gunpowder  to  the  surface  of  the  rock, 
with  this  exception,  that  a  small  aperture  or  channel  is 
allowed  to  remain  through  the  tamping  stuff,  for  the  purpose 
of  firing  the  charge  of  powder,  by  a  match  or  train,  from 
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the' surface  of  the  ground ;  in  fact,  a  touch  hole,  only  much 
longer  and  wider  than  is  to  be  found  in  muskets  or  cannon  ; 
through  this  rent  or  touch  hole  the  charge  is  fired,  generally 
by  a  long  straw  filled  with  powder,  or  sometimes  by  a  rope 
fuse,  ignited  by  a  workman  on  the  rocL  The  danger 
attendant  on  the  whole  of  this  process  is  yery  great ;  in  the 
first  place,  the  hole  must  be  filled  with  loose  stones  or  gravel, 
which  must  be  rammed  down  with  great  force  by  means  of  a 
metal  ramrod ;  it  not  unfrequently  happens  that  a  spark  of 
fire  is  elicited  by  the  collision  of  the  ramrod  with  the  sides 
of  the  hole,  or  with  the  stones  of  the  tamping  stuff:  this 
spark  falls  upon  the  powder  and  causes  an  explosion,  maim- 
ing or  destroying  all  the  poor  workmen  in  its  vicinity. 
Again,  supposing  this  process  to  have  been  safely  performed, 
the  workman  sets  fire  to  the  train,  but,  if  this  should  burn 
too  rapidly,  he  has  no  time  to  escape  before  the  explosion 
takes  place,  and  he  is  surely  injured  by  the  flying  fragments 
of  rock.  But  a  source  of  accident  even  more  common  than 
this  is  the  hanging  fire  of  the  train  or  fuse;  when  this 
happens,  the  workmen,  fancying  it  extinguished,  return  to 
the  rock  for  the  purpose  of  remedying  the  fault,  when, 
perhaps,  on  their  arrival  there  the  fire  reaches  the  charge, 
and,  exploding,  destroys  all  within  reach.  These  are  some 
of  the  dangers  attendant  on  the  old  process  of  blasting — one 
which,  I  believe,  daily  causes  the  death  or  serious  mutilation 
of  the  workman  in  some  part  of  this  kingdom. 

The  pecuniary  loss  attendant  on  the  old  method  is  very 
great,  but  arising  from  several  defects  which  are  completely 
remedied  by  the  use  of  electricity  and  the  other  improvements 
I  have  had  the  good  fortune  to  introduce,  and  some  of  these 
defects  I  will  point  out.  In  the  first  place,  the  touch  or  vent 
hole,  which  must  necessarily  be  maintained  in  the  tamping 
stuff,  is  a  channel  through  which  a  great  portion  of  the 
exploded  charge  expends  itself,  and  is  therefore  wasted. 


Digitized  by  VjOOQ IC 


129 

Now,  all  chance  of  loss  in  this  manner  is  avoided  by  the 
use  of  electricity  in  firing,  the  powder,  because  the  fluid 
passes  through  a  solid  wire  to  the  charge,  and  no  aperture 
whateyer  being  left  in  the  tamping  stuff,  the  consequence  is, 
that  the  whole  force  of  the  explosion  is  expended  upon  the 
rock;  it  has  no  other  mode  of  escape,  except  by  blowing 
out  the  tamping  stuff  altogether,  an  accident  which  can  be 
avoided  by  the  adoption  of  another  improvement,  which  I 
will  presently  explain ;  but  if  the  old  mode  of  tamping  is 
used,  this  blowing  out  of  the  stuff  is  of  frequent  occurrence, 
because  the  workmen,  knowing  the  operation  to  be  one  of 
danger,  hurry  it  over  and  perform  it  inefficiently.  The 
dangers  I  have  described  are  avoided  by  the  use  of  gal- 
vanism in  firing  the  charge,  because  the  apparatus  is  so 
contrived  that  it  is  impossible  the  powder  can  be  ignited 
before  the  workmen  expect,  and  they  have  time  to  secure 
themselves  ere  the  explosion  takes  place.  Should  any  acci- 
dent occur  to  prevent  the  charge  from  going  off,  the  battery 
can  be  thrown  out  of  action  by  puUing  a  cord,  and  then  there 
is  no  danger  in  approaching  the  rock,  for  electricity  never 
hangs  fire. 

It  is  now  five  years  since  I  introduced  blasting  by 
galvanism  into  the  mining  districts  of  Cornwall,  but  the 
apparatus  I  then  used  was  imperfect,  as  I  had  much  to  learn 
by  observation  and  experiment.  I  subsequently  made  further 
improvements  in  the  machine,  and  employed  it  with  great 
success  in  Scotland,  both  in  quarries  and  under  water.  After 
this  General,  then  Colonel,  Pasley  found  the  same  process 
very  efficient  in  his  operations  against  the  Royal  George,  at 
Portsmouth.  It  then  came  into  frequent  use  in  all  parts  of 
the  country,  and  I  have  now  further  increased  its  practical 
simplicity,  as  will  be  shown  to  you  this  evening. 

Electricity,  when  generated  by  means  of  the  contact  of 
metallic  plates  and  a  liquid,  is,  for  the  sake  of  convenient 
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distinction,  called  galyanism,  and  it  is  electricity  in  this  form 
that  is  employed  in  blasting.  If  we  connect  a  copper  and  a 
zinc  plate  together,  by  a  metallic  wire,  and  immerse  them  in 
dilute  acid,  a  violent  efferyescence  will  be  seen;  this  is  caused 
by  the  action  of  the  acid  upon  the  zinc,  which  action  generates 
a  current  of  electricity  flowing  from  the  copper  plate  through 
the  wire  to  the  zinc,  and  it  is  with  this  current  we  work, 
whether  it  be  to  decompose  water,  gild  metals,  or  what 
is  now  more  to  our  purpose,  to  generate  such  an  intense 
heat  in  the  conducting  wire  as  will  ignite  gunpowder.  Such 
are  the  elements  of  an  apparatus  for  blasting,  and  even  this 
simple  battery  would  be  sufficient  could  we  place  it  within  a 
few  inches  of  the  rock  to  be  rent;  but  as  safety  requires 
that  it  should  be  some  distance  off,  and  as  a  contrivance  must 
be  used  to  enable  the  workman  to  throw  the  apparatus  into 
action,  and  also  to  arrest  the  current  of  electricity  at  the 
required  moment,  some  complication  in  its  construction  will 
be  necessary  :  thus,  to  allow  of  the  requisite  distance  between 
the  machine  and  the  rock,  we  must  give  the  current  of  electric 
fluid  a  sufficient  power  to  overcome  the  resistance  a  long  wire 
would  offer  to  its  progress. 

Electricity  may  be  said  to  exist  in  two  conditions,  viz., 
intensity  and  quantity*  Intensity  I  have  defined  as  that 
quality  which  tends  to  overcome  obstacles  to  its  progress; 
quantity,  its  power  to  act  upon  those  obstacles :  for  example* 
if  we  wish  to  pass  a  current  through  a  wire  of  considerable 
length,  there  must  be  sufficient  intensity  in  that  current  to 
overcome  the  resistance  offered  to  its  transit  through  the 
wire ;  for  although  metals  are  excellent  conductors  of  elec- 
tricity, yet  the  best  of  them  oppose  its  transmission  to  a 
considerable  degree,  and,  in  order  to  heat  any  part  of  this 
wire,  there  must  be  a  quantity  of  electricity  passing  propor- 
tionate to  the  thickness  of  the  wire.  In  a  galvanic  battery 
we  gain  quantity  of  electricity  by  increasing  the  size  of  the 
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metallic  plates,  or  the  strength  of  the  exciting  liquid;  to 
obtain  intensity,  we  must  increase  the  number  of  the  plates, 
and  join  them  together  in  series  or  sequence ;  thus  the  first 
zinc  is  joined  to  the  second  copper  plate,  the  second  zinc 
to  the  third  copper,  ssxi  so  on,  until  we  multiply  the  pairs 
sufficiently  to  obtain  the  desired  intensity. 

The  first  kind  of  battery  I  used,  was  such  a  series  of 
copper  and  zinc  plates,  excited  by  a  solution  of  sulphate  of 
copper,  (which  has  been  fully  explained  in  my  pamphlet  on  the 
subject,)  but  this  arrangement  was  afterwards  improved  by 
substituting  iron  for  the  copper  plates,  as  I  discorered  that 
iron  was  superior  to  copper  if  the  battery  was  to  be  in  action 
for  some  time ;  the  cause  of  this  phenomena,  which  at  first 
sight  appeared  at  variance  with  our  received  notions  of  elec- 
trical science,  will  be  found  fully  explained  by  me  in  the 
Philosophical  Magazine  for  June,  1841.  This  iron  battery 
was  filled  up  without  the  intervening  cells  that  are  commonly 
employed,  such  an  arrangement  being  cheap  and  easy  of 
management,  but  it  had  the  defect  of  diminishing  the  inten- 
sity of  the  electric  current,  and  was  therefore  not  very 
applicable  to  situations  where  it  was  necessary  that  the 
battery  should  be  far  removed  from  the  rock. 

Since  this  I  have  contrived  a  battery,  which  is  now  brought, 
for  the  first  time,  before  the  scientific  world ;  and  that  now 
shown  to  you  has  been  made  expressly  for  this  Society. 
There  is  no  doubt  that  for  the  purpose  of  firing  gunpowder 
and  other  such  momentary  actions,  it  will  be  found  far  more 
powerful  than  any  hitherto  made,  simply  because  we  avail 
ourselves  of  the  intense  current  of  electricity  always  deve- 
loped at  the  first  instant  of  the  immersion  of  the  plates  into 
the  exciting  solution.  This  battery  consists  of  twelve  copper 
cylinders  2^  inches  in  diameter,  and  10  inches  long,  dosed  at 
both  ends;  a  cylinder  of  zinc  is  fixed  into  each  of  these 
copper  tubes,  and  being  only  6  inches  long,  extends  from  the 
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bottom  to  a  little  beyond  half  the  length  of  the  copper 
cylinders,  care  being  taken  to  prevent  the  zinc  from  touching 
the  copper  tube  in  which  it  is  inclosed:  they  are  kept  separate 
by  small  bits  of  cork.  Each  copper  tube  and  its  enclosed 
zinc  forms  a  galvanic  pair,  and  these  are  joined  by  wires  in 
sequence  or  series  as  before  described,  viz.,  the  first  zinc  to 
the  second  copper,  the  second  zinc  to  the  third  copper,  and 
so  on  to  the  end  of  the  series,  excepting  the  last  zinc,  which 
has  no  metallic  connexion  with  any  copper  tube,  its  wire 
projects  for  the  purpose  of  attachment  to  the  maiu  wire  or 
conductor  conveying  the  electricity  to  the  rock;  the  first 
copper  tube  is  in  like  manner  unconnected  with  any  zinc,  and 
has  a  similar  projecting  wire  for  attachment  to  the  main  con- 
ductor. These  terminal  tubes  or  their  wires  are  caHei  pales  ; 
that  of  copper  is  the  positive,  and  that  attached  to  the  zinc 
the  negative  pole. 

All  these  cylinders,  insulated  from  each  other,  are  placed 
in  a  frame  suspended  by  an  excentral  axis,  somewhat  in  the 
same  way  that  a  mirror  is  hung  on  its  frame,  the  cylinders 
contain  sulphuric  acid  and  water,  ip  the  proportion  of  one 
part  acid  to  sixteen  of  water,  and  when  the  battery  is  not 
in  option,  the  ends  of  the  copper  tubes  containing  the  zincs 
are  uppermost ;  the  consequence  is  that  the  exciting  solution 
falls  to  the  bottom  of  the  copper  tube,  and  is  thus  removed 
from  contact  with  the  zinc,  but  when  a  current  of  electricity 
is  wanted,  the  frame  can  be  reversed  by  pulling  a  string,  the 
dilute  acid  falls  upon  the  zinc  tubes,  and  the  battery  is  thus  set 
in  action  ;  to  stop  the  current  of  electricity,  the  frame  is 
turned  into  its  original  position,  and  the  zinc  tubes  removed 
from  the  exciting  solution.  By  this  contrivance  we  obtain  the 
fiill  efiect  of  the  first  immersion  of  the  plates  in  dilute  acid, 
which,  it  is  well  known  to  electricians,  is  in  a  manifold  degree 
greater  than  any  efiect  that  can  afterwards  be  obtained; 
so  much  is  gained  by  this,  that  for  ordinary  purposes  of 
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blasting,  a  battery  on  this  construction,  not  much  larger  than 
a  quarto  yolume,  would  answer  well  enough:  but  the  one 
now  shown  to  you  is  of  a  very  large  size,  and  sufficient  for 
the  most  extensive  operations.  Its  construction  renders  it  of 
easy  management  to  the  workman,  as  he  has  only  to  place  it 
on  the  ground  twenty  or  thirty  feet  from  the  rock,  and  pull  the 
string,  when  the  explosion  is  wanted.  The  master  miner  or 
quarryman  will  occasionally  replenish  the  battery  with  acid ; 
but  as  it  is  in  action  for  so  short  a  time  at  every  discharge, 
this  need  hardly  be  done  above  once  in  the  month,  and  a 
shilling's  worth  of  acid  would  last  ten  or  twelve  months,  even 
were  the  apparatus  in  daily  or  hourly  use. 

It  would  trespass  too  much  upon  your  time  were  I  to  enter 
into  more  minute  details  of  the  construction  of  the  battery, 
but  if  persons  desire  it  more  fully  explained  to  them,  I  shall 
be  happy  to  do  so  at  any  time ;  and  indeed  it  would  give  me 
much  pleasure  to  instruct  any  party  wishing  to  use  the  pro- 
cess, in  all  the  details  of  its  management  I  would  suggest 
that  a  competent  person  be  made  master  of  the  whole  matter, 
for  the  purpose  of  afterwards  lecturing  in  the  mining  and 
quarrying  districts,  and  of  teaching  workmen  to  make  and 
use  the  apparatus ;  to  learn  this  requires  no  great  stretch  of 
intellect  I  have  found  parties  of  sappers  and  miners  made 
perfect  masters  of  the  subject  by  practising  with  the  battery 
a  few  hours  under  my  guidance.  I  must  repeat,  that  its  use 
will  not  only  give  security  to  the  workman,  but  also  save  much 
money  to  the  master ;  but  to  return  to  our  apparatus. 

For  the  purpose  of  conveying  the  electricity  from  the 
battery  to  the  rock,  a  copper  wire  is  used,  which  must  be 
covered  with  cotton  thread  or  twine,  for  the  purpose  of  in- 
sulation,— that  is  to  prevent  the  electricity  passing  in  any 
other  direction  than  through  that  part  of  the  wire  immersed 
in  the  powder,  which,  being  heated  by  the  passage  of  elec- 
tricity, fires  the  charge.     In  order  to  economise  the  electric 


Digitized  by  VjOOQ IC 


134 

fluid,  this  part  of  the  wire  is  made  very  thin,  or  what  is  hotter, 
a  short  piece  of  fine  steel  wire  is  attached  to  the  copper 
conductor ;  steel  wire  is  to  he  preferred,  hecause  it  is  easily 
heated,  and  scintillates  by  the  passage  of  the  electric  fluid 
through  it. 

But  as  fixing  such  a  piece  of  wire  upon  the  main  conductor 
for  every  operation  would  he  trouhlesome,  a  cartridge  is  used, 
which  can  be  attached  to  it  in  less  than  a  minute  ;  this 
cartridge  consists  of  a  tin  tube,  about  two  inches  long  and 
half  an  inch  in  diameter,  in  which  is  fitted  two  wires  con- 
nected together  in  the  tube  by  a  fine  steel  wire,  a  quarter  or 
half  an  inch  longer ;  the  tube  is  then  filled  with  gunpowder 
and  closed  by  a  cork  at  both  ends,  which  may  be  further 
secured  by  varnish,  should  it  it  be  requisite  to  fire  the  charge 
under  water ;  the  ends  of  the  wires  projecting  from  the  tube 
are  to  be  attached  to  the  long  copper  wire  before  descH'ibed, 
as  the  main  conductor.  The  cartridges  are  made  in  this  form 
for  the  saving  of  time  in  blasting,  as  the  men  can  prepare  a 
number  of  them  prior  to  the  commencing  of  their  operations 
on  the  rock,  and  being  well  corked  and  varnished,  they  may 
be  kept  any  length  of  time  without  sustaining  injury. 

I  have  alluded  to  my  new  process  of  tamping ;  one  part  is 
based  upon  the  curious  fact,  that  if  a  tube  of  small  diameter 
and  moderate  length  be  filled  with  dry  sand,  it  will  require 
an  immense  force  to  drive  out  the  sand  with  a  rammer . 
indeed  so  great  is  the  resistance,  that  if  the  tube  be  two  feet 
long  and  about  one  inch  diameter,  no  force  that  can  be  applied 
will  drive  the  sand  out,  the  tube  will  more  readily  burst  than 
the  sand  give  way ;  this  peculiar  property  in  sand  can  be 
applied  with  great  benefit  to  actual  practise ;  for  in  tamping, 
the  dangerous  and  tedious  process  of  ramming  down  stones 
and  gravel  may  be  abandoned,  and  the  safe  and  ready  one 
substituted,  of  merely  pouring  dry  sand  into  the  hole,  which 
requires  no  ramming ;  the  operation  is  performed  in  half  a 
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minute,  whereas  ten  or  twenty  minutes  were  often  consumed 
in  ramming  down  grayel  or  stones. 

Another  improyement  I  have  found  to  be  of  great  value, 
and  this  is  simply  to  leave  a  space  between  the  charge  of 
powder  and  the  tamping  stuff;  this  space,  which  of  course 
contains  air,  has  the  effect  of  increasing  the  action  of  the 
powder  upon  the  rock,  and  also  of  securing  the  tamping  stuff 
from  all  chance  of  being  blown  out  by  the  force  of  the  ex- 
plosion— an  accident  which  frequently  happened  in  the  old 
plan  of  tamping,  to  the  waste  of  the  entire  charge  of  powder. 
I  can  almost  venture  to  assert  that,  by  the  use  of  sand,  tamp- 
ing and  the  maintainance  of  a  space  of  twelve  or  eighteen 
inches  between  it  and  the  powder,  no  charge  would  blow  the 
sand  out  unless  the  rock  was  absolutely  unrendable.  The 
effect  of  allowing  a  space  to  exist  between  the  tamping  and 
the  powder,  may  be  exemplified  when  a  bullet  is  not  rammed 
down  upon  its  charge  in  a  musket,  for  in  this  case  the  firing 
of  the  musket  seldom  drives  out  the  bullet,  but  will  rather 
burst  the  barrel ;  and  were  the  bullet  near  the  muzzle,  a  very 
small  quantity  of  powder  would  be  sufficient  to  produce  this 
effect.  I  have  heard  sportsmen  assert  that  the  resistance 
offered  by  the  mere  plugging  up  for  an  inch  or  two  of  the 
muzzle  of  a  fowling  piece,  by  so  slight  an  obstruction  as 
snow  or  soil,  has  been  sufficient  to  cause  the  bursting  of  the 
barrel.  This  singular  fact  is  of  easy  explanation,  and  its 
necessary  existence  can  be  fully  proved  by  mathematical 
demonstration,  into  which  it  would  be  out  of  place  to  enter 
at  present ;  it  is  sufficient  for  our  purpose  to  know  that  in ' 
all  blasting  operations  where  these  improvements  have  been 
carried  out— which  they  have  been  in  many  hundred  cases — 
in  no  one  instance  has  it  happened  that  the  tamping  stuff  has 
l>een  blown  out,  prior  to  the  rending  of  the  rocL  I  call 
your  attention  most  particularly  to  these  improvements, 
because  they  are  a  source  of  great  security  to  the  work- 
id 
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man,  as  well  as  of  gain  to  the  master,  and  may  be  employed 
independently  of  the  use  of  galvanism,  being  equally  effec- 
tive as  respects  resistance,  wtiether  this  or  the  old  fuse  be 
used. 

One  great  advantage,  gained  by  the  use  of  galvanism,  and 
which  cannot  be  attained  by  that  of  any  kind  of  fuse  or 
match  whatsoever,  is  the  certunty  with  which  any  number 
of  charges  may  be  fired  at  the  same  instant  of  time ;  for 
suppose  it  were  attempted  to  fire  ei^t  or  ten  charges  simul- 
taneously by  the  aid  of  fuse,  it  would  be  absolutely  impossible 
so  to  arrange  their  length  as  to  cause  an  ignition  of  all  the 
charges  at  the  same  moment,  and  if  the  explosions  are  not 
absolutely  simultaneous,  no  advantage  is 'gained  over  the 
firing  of  these  several  charges  at  distant  intervals  of  time. 
But  when  galvanism  is  used,  there  is  a  complete  simultaneity 
of  explosion,  because  electricity  travels  at  such  a  prodi^ous 
rate,  (200,000  miles  in  a  second,)  that  its  transit  from  one 
hole  to  another  in  the  rock  is  to  us  instantaneous.  We  gain 
much  by  rending  a  rock  in  this  manner,  for  the  fracture  runs 
in  one  continuous  Hue,  and  a  far  greater  quantity  of  stone  is 
torn  off  than  could  be  done  by  the  same  quantity  of  powder, 
if  fired  at  distinct  intervals ;  indeed,  the  amount  pf  rock  that 
can  be  rent  with  a  small  quantity  of  powder  by  these  simul- 
taneous explosions,  is  more  than  persons  would  believe,  had 
they  not  witnessed  it  I  had  at  first  considerable  difficulty 
in  contriving  the  apparatus  to  ensure  a  certainty  of  firing 
many  charges  at  once,  but  every  obstacle  has  now  been 
overcome,  and  the  practice  is  perfectly  easy.  Another 
advantage  gained  by  the  use  of  the  galvanic  cartridge,  is  the 
ignition  of  all  the  particles  of  powder  in  the  main  charge  at 
once.  It  is  perhaps  unknown  to  some  of  you,  that  gun- 
powder does  not  explode  with  fiame  and  gas ;  on  the  con- 
trary, it  bums  progressively — thus,  when  a  gun  is  fired, 
many  grains  of  powder  are  blown  out  unignited  and  untouched 
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by  flame,  and  of  course  the  expanaiye  power  of  this  part  of 
the  charge  is  lost.  Many  other  facts  might  be  adduced  to 
prove  that  powder  burns  progressively :  if  a  mass  be  fired 
DO  the  surface,  an  appreciable  quantity  of  time  elapses  before 
the  lower  particles  are  ignited,  and  if  this  occurs  in  the  bore 
hole  of  a  rock,  (and  it  always  does  happen  on  the  old  plan), 
|he  quantity  of  powder  effective  towards  rending  the  rock  is 
a  small  part  of  the  whole  charge,  because  but  a  small  portion 
is  eiqianding  at  one  instant,  Now,  if  by  any  means  we  can 
ignite  the  whole  of  the  charge  at  once,  then  we  have  its  fuU 
effect  developed,  and  a  much  smaller  quantity  of  powder  will 
be  necessary  to  produce  the  same  results^  I  may  liken  this 
phenomenon  to  the  exertions  of  one  thousand  men  in  pushing 
down  a  wall — ^if  each  individual  exerts  his  effort  at  a  different 
moment  from  either  of  his  companions,  we  have  but  the  effort 
of  one  man  to  overset  the  wall,  and^  stands  in  perfect  security; 
but  if  the  one  thousand  men  combipe  their  strength  into  one 
simultaneous  effort,  then  we  have  a  one  thousand  man  power 
against  the  wall,  and  down  it  falls ;  so  is  it  with  the  charge  of 
powder  in  the  rock,  if  a  portion  only  is  burning  at  one  time,  it 
is  the  expansive  force  of  this  portion  only  that  is  available ;  if 
the  whole  be  exploded  at  once,  then  we  have  the  fullest  possible 
effect.  This  firing  of  every  particle  of  powder  at  once  is 
obtained  by  the  use  of  the  galvanic  cartridge,  which  pours  a 
vdume  of  flame  into  the  body  of  the  charge,  and  consequently 
every  partide  is  ignited  It  is  to  the  use  of  these  various 
improvements  that  the  extraordinary  saving  of  powder  by 
this  new  plan  is  to  be  referred.  As  J,  before  stated,  one 
gentleman  says  that  he  finds  lib.  of  powder  as  efficient  in 
this  way  as  lOlb.  is  on  the  old  system.  I  only  ask  a  trial 
for  your  own  sakes.  I  gain  nothing  by  it,  but  the  pleasure 
of  knowing  that  I  have  been  instrumental  in  giving  security 
to  the  workman,  and  of  pointing  out  a  mode  of  gain  to  the 
master. 
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When  a  rock  is  to  be  rent  by  this  new  system  of  operation, 
&  hole  is  first  bored,  of  the  requisite  depth  and  diameter, 
then  cleared  and  dried  in  the  usual  manner.  One -half  of 
the  requisite  charge  of  powder  is  now  to  be  poured  in,  and 
on  this  is  placed  the  galvanic  cartridge,  whose  wires  reach  to 
the  surface  of  the  rock ;  then  pour  upon  the  cartridge  the 
remainder  of  the  powder ;  let  a  wad  of  straw  or  oakum  be 
pressed  into  the  hole  until  it  is  at  a  point  about  two  feet  from 
the  powder,  then  upon  this  wad  pour  in  dry  sand ;  attach  the 
cartridge  wires  to  the  main  conducting  wires ;  let  all  the  men 
retire  to  a  place  of  safety,  carrying  with  them  the  battery 
cord,  which  may  be  of  any  required  length ;  pull  this  cord ; 
the  battery  is  thrown  into  action ;  the  electricity  runs  through 
Che  fine  wire,  fuses  it,  ignites  the  charge,  and  the  rock  is 
rent  Such  is  the  simple  process,  which  requires  far  less 
time  than  the  old  method,  and  is  one  of  perfect  safety  during 
the  whole  of  the  operation.  In  the  sinking  of  shafts,  the 
use  of  galvanism  will  be  found  most  valuable,  as  the  work- 
man can  be  drawn  up  in  perfect  safety,  whereas,  when  the 
fuse  is  used,  he  has  to  remain  suspended  several,  minutes 
above  the  burning  trun,  and  the  whole  may  explode  before  he 
gains  the  surface,  causing  certain  death.  Such  an  accident 
has  frequentiy  happened,  to  my  own  knowledge,  and  I  have 
too  often  heard  of  its  occurrence. 

I  need  not  take  the  trouble  to  point  out  the  many  cases 
in  which  this  process  may  be  the  means  of  saving  human 
life ;  for  those  conversant  with  mining  and  quarrying 
operations  must  now  be  well  aware  of  its  great  value, 
and  in  subaqueous  explosions  galvanism  is  indispensable. 
I  have  expended  much  time  and  money  in  bringing  it  to 
it)9  present  perfection,  but  I  shall  consider  myself  amply 
repaid  if  it  be  the  means  of  saving  one  fellow  creature 
from  injury. 
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PROCE.EDINGS 

OF  THE 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
m  tie  WBUnt^ainq  ot  9ortM|ire, 

AT   AN   EXTKAOBi>INABT  MEETING,   HELD  IN   THE   MANSION 
HOUSE,  I>0NCA8TBB,   AUGUST  IST,    1843. 


An  Extraordinary  Meeting  of  the  Society  was  held  in  the 
Mansion  House,  Doncaster,  on  the  Ist  of  August,  1843, 
in  connexion  with  the  Annual  Meeting  of  the  Yorkshire 
Agricultural  Society.  The  Right  Hon.  Earl  Fitzwilliam, 
the  President  of  the  Society,  in  the  chair. 

The  following  gentlemen  were  elected  Members  of  the 

Society,  viz : — 

Cha&lss  Wood,  Esq.,  M.P. 
William  Aldam,  £8q.,.Warm8worth. 

The  Rev.  Wm.  Thorp  then  read  the  following  Paper : — 

ON  THE  INDICATIONS  WHICH  ARE  GUIDES  IN  JUDGING  OF 
THE  FERTILITY  OR  BARRENNESS  OF  THE  SOIL. — BY 
THE    RBY.   W.   THORP,    OF    WOMERSLEY    VICARAGE. 

Few  observing  people  travel  through  a  country  without 
forming  some  opinion  respecting  its  productiveness  or  barren* 
ness,  while  to  the  landlord  and  tenant  these  indications  are 
of  the  first  importance ;  for  not  only  does  the  former  let, 
but  the  latter  takes,  his  land  upon  an  assumed  value,  whether 
correct  or  incorrect ;  and,  therefore,  if  there  are  any  fixed 
principles  respecting  the  value  of  soils,  which  can  be  relied 
upon  as  criteria,  it  will  be  useful  and  not  unworthy  of  the 
Greolo^cal  and  Polytechnic  Society  to  endeavour  to  discover 
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them.  The  Royal  Agricultural  Society  of  England,  per- 
ceiving the  importance  of  this  subject,  has  recently  offered 
a  prize  of  £50  for  an  essay  on  the  indications  which  are 
practical  guides;  for,  say  they,  ^*  Many  attempts  having  been 
**  made  to  explain  the  productiveness  of  the  soil  by  chemical  * 
*^  or  physical  causes  without  any  decided  result,  it  appears 
'^  desirable  to  assist  the  researches  of  natural  philosophers, 
*^  by  making  them  acquainted  with  those  obvious  signs, 
<*  whether  of  colour,  consistence,  or  vegetation,  by  which 
**  farmers  and  surveyors  are  enabled  to  give  at  once  a 
'^  practical  opinion  upon  the  probable  nature  of  land  which 
« they  inspect." 

I  do  not,  however,  purpose  to  confine  these  observations  to 
thd  obvious  signs  named  by  the  Royal  Society,  because  there 
is  no  single  digti  which  is  infallible  under  all  circumstanced. 
Some  are  more  to  be  relied  upoii  than  others  ;  while  a 
Chemical  or  Geological  sign  of  easy  application,  becomes  as 
much  a  practical  sign  as  either  that  of  colour,  consistence, 
or  vegetation. 

1.  Respecting  the  Colattr  of  soils,  which  is  variable  on  all 
descriptions  of  land.  The  darker  soils,  rich  in  vegetable, 
matter,  are  usually  esteemed  good ;  yet  some  of  those, 
inclining  to  be  peaty,  although  of  this  colour,  are  infertile. 
Sandy  soils,  which  after  rain  remain  of  a  light  colour,  are  in 
general  accounted  unproductive ;  yet  some  of  the  Wold 
soils,  which  contain  many  flints  or  white  pebbles,  are  of  this 
colour  after  rain,  and,  nevertheless,  are  of  fair  quality.  Again, 
at  Bentley  and  Arksey,  near  Doncaster,  there  exists  excellent 
land  of  a  yellow  colour,  while  there  is  other  there  equally 
good  of  a  dark  blue  colour.  The  productive  soils  of  the 
Green  Sand  below  the  Chalk  are  green,  while  those  of  the 
New  Red  Sandstone  are  red.  Therefore  colour  alone^ 
however  valuable,  cannot  be  relied  upon  as  a  criterion  of  the 
quality  of  land. 
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2.  Consistence  is  a  valuable  mdication ;  for  upon  the 
degree  in  which  it  exists  depends  the  capability  of  the  soil 
to  produce  particular  crops, — as  wheat  and  beans  upon  the 
stronger, — ^turnips,  barley,  &c.  upon  the  lighter  soils.  The 
labour  required  upon  a  farm,  the  necessity  of  summer  fallowsi 
the  use  of  lime,  &c.,  all  in  a  great  measure  depend  upon  the 
tenacity  of  the  land.  The  amount  of  consistence  at  all 
periods  of  the  year,  and  under  all  circumstances,  is  not  easily 
discovered ;  for  some  of  the  light  Magnesian  Limestone  soils, 
when  trodden  with  sheep  after  Christmas,  retain  inmiediately 
after  rain  whole  sheets  of  water,  and  a  stranger  then  would 
account  them  tenacious.  Some  soils,  if  ploughed  in  a  wet 
state,  appear  more  cohesive  than  they  really  are.  Again, 
others  which  a  few  years  ago  were  of  the  strongest  descrip- 
tion, are  known  to  be  now,  by  drainage  and  cultivation, 
growing  turnips  equal  in  quality  to  those  of  lighter  soils. 
Some  of  the  sandy  soils  fall  to  a  shapeless  powder  when 
perfectly  dry,  yet  regain  a  certain  degree  of  cohesiveness 
when  in  a  wet  state.  Moreover,  the  consistence  of  the  subsoil 
is  of  equal  importance  with  that  of  the  soil ;  for  upon 
its  pervious  or  impervious  nature  depends  the  comparative 
wetness  or  dryness  of  the  soil ;  and  upon  the  former,  of 
course,  the  necessity  of  draining.  A  general  knowledge  of 
subsoils,  however,  can  only  be  derived  from  the  relation  of 
the  subsoil  to  the  stratum  from  which  it  is  derived,  and  the 
local  variation  to  which  the  latter  is  subject 

3.  ThM  Vegetation  is  another  valuable  criterion  of  the  qual- 
ity of  land.  It  may,  however,  lead  to  considerable  deception ; 
for  upon  the  same  soils  and  the  same  quality  of  land  every 
person  must  have  remarked  the  great  difference  between  a 
well  cultivated  farm  and  a  bad  one;  and  it  is  generally 
supposed  that  the  value  of  the  land  of  the  well  cultivated 
farm  is  proportionably  increased.  But  this  proposition  must 
be  received  with  some  limitation,  for  the  question  must  be 
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determined  by  tbe  mode  of  culture,  &c,  with  which  the 
superior  crops  were  obtained.  Of  two  farms  having  the 
same  soils,  and  equally  luxuriant  crops, — the  one  raised  by 
oil  cake,  manure,  and  bones, — the  other  by  rape  dust,  guano, 
nitrate  of  soda,  or  by  artificial  manures, — ^the  farm  got  into 
condition  by  the  former  is  of  much  greater  intrinsic  value,  and 
will  be  cultivated  at  less  expense  for  the  future,  than  a  similar 
farm  producing  equally  good  crops  obtained  by  artificial 
manures.  By  not  attending  to  this  point,  we  neither  know 
the  maximum  producing  point  of  any  particular  soils,  nor  the 
lowest  rate  at  which  any  particular  crop  may  be  produced* 
Again,  upon  the  shallow  sandy  soils,  as  well  as  upon  the 
clayey  soils  in  Yorkshire,  there  are  this  year  above  average 
crops,  which  might  for  the  time  being  mislead  the  judg- 
ment respecting  their  value.  The  value  of  permanent  grass 
land  is  also  liable  to  be  mistaken.  There  are  innumerable 
instances  of  grass  fields,  upon  naturally  superior  soils,  having 
become  greatly  deteriorated  in  their  produce  by  bad  manage- 
ment, and  which,  to  judge  from  the  vegetation,  would  be 
pronounced  inferior  land ;  yet  these  swarths,  if  ploughed  up, 
will  produce  excellent  crops  of  grain  and  artificial  grasses. 
Again,  upon  the  Chalk  Wolds  and  the  Magnesian  Limestone, 
only-  very  small  portions,  (those  which  contain  less  than  five 
per  cent,  of  alumina,)  produce  good  crops  of  grass ;  so  that 
upon  these  formations,  land  of  fair  or  average  quality  might  be 
condemned  on  account  of  the  inferior  grass  land  contiguous 
to  it.  The  vegetation,  however,  affords  other  signs,  which 
may  with  confidence  be  relied  upon ;  as  the  timber  growing 
in  the  hedge-rows,  whether  it  be  full  grown  or  stunted — of 
what  species — if  covered  with  moss  or  lichen — if  leaning  in 
one  direction ;  likewise  the  weeds  and  plants  growing  in  the 
fields  and  hedges,  as  well  as  those  in  the  lanes  and  roads 
adjoining  the  land,  have  their  value  as  criteria. 

These  three  signs,  viz.,  colour,  consistence,  and  vegetation. 
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are  named  by  the  Royal  Agricultural  Society  as  being  pre- 
eminently indications  of  the  value  of  lands;  yet  there  are 
others  of  equal  if  not  of  greater  consequence;  for  example — 
Ist  A  knowledge  of  the  Qeohgy  of  the  land  is  of  the  first 
importance ;  that  is,  not  only  a  knowledge  of  the  range  and 
extent  of  each  formation  and  its  sub-diyisions,  which  may  be 
called  Geographical  Geology ;  but  also  how  far,  and  to  what 
extent,  the  various  lands  depend  upon  the  substratum  for 
their  soil,  and  the  local  variations  in  the  Chemical  or  Mineral- 
ogical  character  of  the  substrata  themselves :  this  may  be 
called  the  differential  Geology  of  soils.  For  not  only  do 
the  qualities  of  land  vary  from  one  formation  to  another,  but 
upon  the  same  formation  there  is  frequently  considerable 
difference  in  the  quality  of  land,  depending  upon  Chemical 
difference  in  the  substratum,  or  upon  an  intermixture  of 
foreign  debris  derived  from  other  strata.  2nd.  A  Chemical 
nwestiffotian  of  the  soil  and  subsoil  will  frequently  afford  most 
useful  indications  respecting  the  value  of  land.  It  may  be 
laid  down  as  an  axiom,  that  a  soil  to  be  fertile  should  contain 
all  the  Chemical  ingredients  which  a  plant  can  only  obtain 
from  the  soil,  and  Chemistry  ought  to  be  able  to  inform  us, 
in  unproductive  soils,  what  ingredients  are  wanting.  It  also 
is  able  to  inform  us  if  any  poisonous  substance  exists  in  the 
soil,  and  how  it  may  be  neutralized, — ^when  lime,  marl,  and 
chalk,  are  to  be  used,  &c.* 

*  Mr.  Bnkenridge,  of  Bretton  Lodge,  who  has  extensive  practice  in  land 
Talning,  infonoB  me  that  a  meekamoal  aiuifysU  of  the  soil  affords  him  much 
aaistance ;  and  he  has  fomid,  in  soils  free  from  stagnant  water,  **  that  in  a 
*'  mechanical  analysis,  the  larger  the  proportion  which  remains  suspended  in  the 
*'  water,  the  greater  its  powers  of  production  will  he  found,  and  the  less  manure 
**  it  will  require ;— he  has  found  that  the  hest  soils  are  thoee  which,  when  diffused 
"  and  well  stirred  in  water,  and  allowed  to  stand  for  three  minutes,  from  20  to  SO 
**  — saj  25  per  cent  is  carried  off  with  the  water  of  decantation  ;  when  80  per 
**  cent,  and  upwards  is  decanted  off,  the  soil  becomes  retentive  of  water,  and 
**  eonsequently  wet  -,  when  less  than  20  per  cent— say  only  16  per  eent  and  under 
**  is  carried  off,  it  becomes  too  porous,  water  passes  through  it  too  rapidly,  its 
"  soluble  matter  is  washed  off  into  the  substratum,  and  it  has  a  strong  tendency 
"  to  become  thin  and  sterile.'* 
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The  Royal  Agricultural  Society  say  that  Chemistry  is 
unable  to  explain  the  productiyeness  of  soils.  But  why  is  she 
unable  ?  One  reason  is,  that,  supposing  every  thing  required 
by  the  plant  to  be  present  in  the  soil,  yet,  if  the  soil  be  either 
too  wet  or  too  dry,  too  cohesive  or  too  loose,  the  plant  will 
not  flourish ;  and  Chemical  analysis  does  not  declare  this ; 
for  it  aflbrds  no  information  respecting  the  mechanical  divi<- 
sion  in  which  substances  exist  in  the  soil.  Again,  the  Chemi* 
cal  analysis  of  soils,  to  be  worth  any  thing,  must  be  conducted 
with  more  rigid  accuracy  than  those  published  by  English 
writers:  to  detect  one  cwt  of  gypsum  in  an  acre,  there 
would  be  only  one  quarter  of  a  grain  in  a  lb.  of  soil,  or  in  100 
grains,  only  three  and  a  half  thousands  of  a  grun  (ii/V^o  or 
.00035  grains) :  or,  to  discover  if  sufficient  alumina  existed 
in  a  field  for  the  production  of  red  clover,  there  must  be 
DjBcertained  if  it  ccmtabed  .00001  per  cent,  (one  hundred 
thousandth.)  The  analyses,  even  by  Sprengel,  do  not  afford 
us  the  quantity  of  nitrogen  in  each  soil,  or  the  capacity  of 
the  soil  for  this  substance,  while  it  is  well  known  that  most 
manures,  as  well  as  the  different  kinds  of  food,  are  valuable 
in  proportion  to  the  quantity  contained  in  them ;  and  it  is 
highly  probable,  cmterU  paribus^  that  the  quantity  of  nitrogen 
found  existing  in  a  soil,  and  the  capacity  of  the  soil  for  con- 
taining that  substance,  would  afford  an  easy  indication  of  its 
immediate  fertility,  and  also  of  its  requiring  great  or  smalj 
quantities  of  nitrogenous  manures  in  its  future  cultivation.* 

Chemistry,  however,  outsteps  her  province  when  it  at- 
tempts to  explain  how  vegetable  productions  are  formed  in 
the  plant  by  Chemical  forces :  for  the  recent  discoveries  of 
Schwann,  Henle,  and  Schleiden,  prove  that  all  the  functions 
of  the  plant  are  performed  by  the  means  of  simple  vesicles 
and  cells — ^that  absorption,  assimilation^  fixation  of  carbon 
from  the  atmosphere,  respiration,  exhalation,  secretion,  and 

*  The  celebrated  Black  Earth  of  Russia  contains  9.45  per  cent,  of  nitrogen. 
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reproduction,  are  all  effected  by  single  cells,  of  which  the 
lower  plants  almost  entirely  consist; — ^that  the  cell  absorbs 
alimentary  matters  through  the  spongioles  ot  the  root,  and 
that  the  fluid  received  thus  undergoes  the  first  steps  of  the 
organizing  process;  that  gum  and  sugar  are  converted  into 
the  organizable  portion  of  the  nutritious  sap  by  the  cells  of 
the  leaves.  The  starchy  fluid  in  the  grains  of  com  is  ren- 
dered capable  of  nutrition  to  the  embryo  by  the  development 
of  succesrive  generation  of  cells,  which  exert  upon  it  their 
peculiar  vitalizing  influence.  Albumen  is  converted  into  fibrine 
by  the  vital  agency  of  cell  life,  t.  e.y  cells  are  produced  which 
do  not  form  an  integral  part  of  any  permanent  structure  in 
the  plant,  but  which^  after  attaining  a  certain  maturity,  re- 
produce themselves  and  disappear.  Hence  it  may  be  stated, 
that  all  the  vegetable  productions  which  are  formed  in  the 
plant,  are  efiected  by  a  series  of  vital  actions  through  the 
agency  of  cells,  and  even  bones  and  teeth  are  all  formed  Arom 
metamorphosed  cells^  Dr.  Bennett  says,  <*  If  this  be  true, 
and  there  can  be  little  doubt,  it  obliges  us  to  modify  our 
notions  of  organization  and  life.  It  compels  us  to  confess 
that  vegetables  and  animals  are  not  simple  beings,  but 
composed  of  a  greater  or  less  number  of  individuals,  of 
which  thousands  may  exist  in  a  mass  not  larger  than  a  grain 
of  sand,  each  having  a  vital  centre  and  separate  life,  inde- 
pendent of  those  around  it  Each  of  these  individuals  or 
organized  cells  should  be  regarded  as  a  living  being,  which 
has  its  particular  vital  centre  of  absorption,  assimilation, 
and  growth,  and  which  continues  to  vegetate,  to  increase, 
and  undergo  transformations,  as  if  it  were  an  isolated  indi- 
viduaL  At  all  events,  a  knowledge  of  the  existence  of  the 
cell  life  of  plants  will  explain  several  phenomena  respecting 
the  vegetation,  growth,  and  ripening  of  com,  and  may 
hereafter  lead  to  some  valuable  practical  results." 
The  CUmate^  EUvaiian^  and  Exposurej  are  not  to  be  neg- 


Digitized  by  VjOOQ IC 


146 

lected  Upon  the  higher  portions  of  the  Wolds,  crops  suffer 
much  from  elevation  and  exposure;  while  in  the  western 
portion  of  Yorkshire,  upon  the  moor  edges,  the  harvest  is 
usually  a  month  later  than  in  the  central  parts  of  the  island. 

A  inoderatt  Depth  of  Soil  in  general  is  a  favourable  sign, 
although  some  bf  the  shallow  soils  on  the  New  Red  Sand- 
stone and  on  the  Wolds  are  very  good* 

I  shall  now  briefly  apply  these  indications  of  fertility  over 
the  different  geological  formations  of  Yorkshire,  and  it  will 
be  found  that  each  lends  aid  to  the  other,  and  that  a  person 
will  be  able  to  ascertain  the  value  of  land  in  proportion  as 
he  is  able  to  appreciate  the  collective  evidence  afforded  by 
them. 

1.  Upon  the  Chalk  Wolds  of  Yorkshire  there  are  two 
distinct  qualities  of  land — ^the  shallow  and  the  deep  land. 
Upon  the  deep  land  neither  wheat  nor  barley  are  produced  in 
perfection,  the  former  mght-ripens^  and  the  latter  is  not  of  a 
good  sample.  The  land  is  also  said  to  be  of  better  quality 
where  pebbles  or  boulders  are  found.  The  coUwr  of  both 
kinds  of  soil  is  much  alike,  yet  as  the  deep  soils  are  improved 
and  rendered  more  firm  by  chalking,  consistence j  if  positively 
existing,  becomes  a  favourable  sign ;  so  also  is  that  of  a  good 
vegetation^  if  used  under  the  precautions  before  named.  And 
a  chemical  investigation  shows  that  the  difference  between  the 
good  soil  and  the  inferior,  is  owing  to  the  presence  of  more 
lime  in  the  good  soil — the  deep  containing  only  from  1  to  2^ 
per  cent.,  while  the  good  contains  as  much  as  7  per  cent. ; 
and  Geology  explains  why  the  one  soil  contains  more  lime 
than  the  other,  and  how  both  are  geographically  disposed ; — 
for  the  shallow  wold  soils  exist  only  where  large  bodies  of 
water  have  excavated  the  chalk  rock  itself,  which  contains  90 
per  cent,  of  carb.  of  lime ;  and  as  fresh  pieces  of  chalk  rock 
are  constantly  ploughed  up,  the  soil  contains  more  lime. 
In  the  map  of  Hull  and  its  environs  of  ten  miles  round,  the 
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east  and  west  shadings  indicate  in  the  valleys  very  nearly 
the  extent  of  the  shallow  land.  The  occurrence  of  pebbles 
and  boulders  merely  indicates  the  places  where  currents  of 
water  hare  been  in  action,  and  they  are  therefore  only  found 
on  the  good  lands.  The  climate,  elevation,  and  exposure, 
are  likewise  to  be  attended  to  over  this  district 

Beneath  the  Chalk  come  the  beds  of  OSlUe^  concerning 
which  I  shall  simply  quote  from  a  valuable  paper  by  Sir  J. 
y.  B.  Johnstone,  Bart,  F.G.S.,  vol.  1.  j9.  271,  Journal  of 
the  Royal  Agricultural  Society.  He  there  states  that  having 
observed  great  variations  in  the  soils  of  his  estate,  not  only 
on  the  hill  sides,  but  also  upon  the  table  land,  Dr.  Smith 
offered  a  solution  of  the  difficulty  by  a  reference  to  Geology 
— and  the  result  obtained  clearly  demonstrated  that  the  value 
of  each  Jieldj  and  the  mode  of  cultivation  already  adopted, 
corresponded  to  the  variations  of  the  strata,  and  were  limited 
by  the  areas  which  these  occupied  on  the  surface ;  thus  show-^- 
ing  that  the  geological  character  of  a  country,  when  accu- 
rately understood,  pointed  out  at  once  the  natural  value  of 
the  land,  and  the  system  of  cultivation  best  adapted  to  it 
Again,  Sir  John  Johnstone  says,  <^  when  on  descending  the 
'*  hill  sides,  it  was  found  that  there  were  certain  fields  which, 
"  whether  towards  the  north  or  south,  whatever  the  aspect, 
'<  whatever  the  local  circumstances,  invariably  produced 
'*  good  wheat,  it  was  a  triumph  for  agricultural  geology  to 
<*  discover  that  these  fields  were  invariably  upon  the  Oxford 
**  Clay,  or  rather  were  the  lower  beds  of  the  Calcareous 
"  Grit  become  mixed  up  with  that  formation." 

The  New  Red  Sandstone  formation  in  Yorkshire  is  one  of 
great  complexity,  and  each  of  the  signs  before-named,  when- 
ever available,  is  necessary  for  determining  the  relative  value 
of  any  given  portion.  The  great  difficulty  is,  that  upon 
the  central  plain  of  Yorkshire,  coloured  as  New  Red  Sand- 
stone, are  found  alluvial^  diluvial,  and  lacustrine  deposits  of 
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considerable  extent  and  tbicknesa,  each  of  which  completely 
changes  the  agricultural  character  of  the  original  strata. 

The  formation  itself  scarcely  makes  its  appearance  in  the 
West-Biding.  It  consists  of  variegated  marls  in  the  upper 
portion — the  only  place  where  they  can  be  seeii  is  at  Holme, 
on  Spalding  Moor — and  of  variegated  sand  or  sandstones  in 
the  lower  I  which  are  covered  up  from  Hodsock  Park,  near 
Blyth,  to  Green  Hammerton,  twelve  miles  north  of  York. 

Among  the  overlying  beds  are,  first,  the  Alluoial  of  the  rivers 
Don,  Went,  Aire.  Those  of  the  Don,  as  at  Bentley,  Arksey, 
Kirk  Bramwith,  Thome,  are  exceedingly  fertile,  producing, 
with  little  manure,  large  crops  of  grain  and  excellent  feeding 
pastures.  It  would  be  a  most  useful  thing  to  really  determine 
why  these  alluvial  soils,  with  only  once  liming  and  manuring 
in  the  four  years,  produce  great  crops,  while  upon  the  Mag- 
nesian  Limestone,  and  mapy  other  soils,  manure  has  to  be 
applied  to  each  crop. 

There  are  also  the  Oravel  or  Diluvial  Soilsy  which  have  an 
extensive  range  from  Doncaster  southwards  into  Nottingham- 
shire. There  are  also  those  extending  from  Snaith  to  Ferry- 
bridge ;  and  those  of  Selby,  Elambleton,  Hough,  &c. ;  among 
which  are  some  very  superior  lands,  as  Doncaster  Field, 
Snaith  Fields  Birkin,  &c. 

The  stronger  soils  extend  eastward  from  Owstone,  Askem, 
and  Womersley,  to  Goole.  Draining  is  now  being  adopted 
upon  this  portion,  so  that  there  are  many  instances  of  farms 
formerly  let  at  5s.  to  7s.  per  acre,  now  let  for  20s.;  and  there- 
fore, these  may  be  said  to  be  progressively  increasing  in  value, 
while,  on  the  other  hand,  small  farms  are  general,  and  have 
upon  them,  as  a  consequence,  men  of  limited  capital ;  few 
turnips  are  grown,  no  stock  kept,  little  manure  made,  of 
which,  frequently  from  the  badness  of  the  homesteads,  one- 
half  evaporates  or  runs  out  of  the  yard. 

Upon  thi^  great  tract  of  country  there  is  every  variety  pf 
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cohur^  from  blue,  grey,  yellow,  dark  brown,  to  light  and  dark 
red,  so  that  colour  alone  (for  there  are  all  qualities  of  every 
colour)  is  of  little  value  as  a  diagnostic  sign.  The  consistence 
of  the  soil,  and  its  depth  when  good,  are  signs  generally 
applicable.  Upon  the  gravel  beds  there  are  occasionally 
local  beds  of  clay,  which  hold  up  the  water,  thus  producing 
a  wet  soil  upon  an  open  gravel,  which  requires  draining. 
A  soil  easily  rendered  firm  by  sheeping  is  a  favourable  sign  of 
sandy  land.  Upon  th^  clayey  Isoils  of  this  plain  it  is  required 
that  there  is  a  capability  of  draining  them ;  for  large  sums  of 
money  have  been  paid  for  veining  up  main  drains  from  Ooole, 
which  yet  afford  only  an  imperfect  outlet  Veff^tation^  as  a 
sign  of  fertility,  must  be  used  with  great  caution ;  for  both 
the  sands  and  clays  of  this  district  are  much  under  the  influ- 
ence of  seasons.  This  year  they  have  both  above  average 
crops  upon  them.  The  farms  situated  upon  the  sands  and 
gravels  were  originally  of  the  same  value,  and  it  is  probable 
that  if  there  be  any  difference  in  them,  it  has  arisen  from  supe- 
rior management. 

Oeology  is  with  difficulty  applied  in  determining  the  value 
of  land  upon  the  whole  of  the  formation,  except  the  larger 
boundaries  of  geographical  Geology  just  mentioned.  In 
the  gravel  there  is  no  regular  disposition  of  strata.  It  is 
one  amorphous  mass  of  boulders,  with  portions  of  red  sand 
intermingled.  Some  of  the  stronger  clay  beds,  between 
Askem  and  Goole,  are  exceedingly  thin;  and,  therefore, 
in  order  to  make  Geology  available,  it  would  be  necessary 
to  have,  as  in  mining,  a  knowledge  of  every  minute  bed» 
which  can  only  be  obtained  by  boring,  there  being  no  natural 
sections  upon  thb  extensive  plain. 

Concerning  the  Magnesian  Limestone^  and  the  qualities  of 
land  upon  it,  I  may  refer  to  a  former  paper  read  before  this 
Society.  I  would,  however,  simply  observe,  that  eohmr  is  of 
little  value,  the  whole  of  the  soils  being  red  and  yellow,  and 
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all  more  or  less  red  after  rain.  That  consistence  is  a  valuable 
sign,  is  shown  by  the  fact  that  the  stronger  soils,  or  those 
which  contain  not  less  than  5  per  cent  of  alumina,  will  grow 
permanent  grass  and  the  oak ;  and  that  the  firmer,  or  those 
rendered  so  by  management,  will  preserve  red  clover  from 
the  frost ;  while  others  more  ^*  deaf"  and  pulverulent,  will 
not  grow  red  clover  at  alL  Contrary  to  the  Wolds,  the 
shallow  soils  are  much  inferior  to  those  of  moderate  depth. 
The  vegetation  on  the  south  side  of  Doncaster  is  a  certain 
criterion  that  the  land  on  that  side  is.  superior  to  that 
of  the  north  side.  Geology  explains  why,  as  upon  the 
Wolds,  shallow  soils  exist,  for  they  are  only  found  where 
large  bodies  of  water  have  passed  over  the  rock,  and  worn 
it  out  into  valleys ;  while  on  the  south  side  of  Doncaster, 
the  superior  soil  is  caused  by  an  admixture  of  sandstone 
pebbles  brought  down  the  course  of  the  Don,  at  no  distant 
period  of  the  earth's  history. 

In  the  Coal  or  Carboniferous  series  there  is  every  variety 
of  colour  in  the  soil,  in  its  consistence^  and  in  the  vegetation 
of  particular  districts ;  and  a  casual  observer  would  find  no 
order  or  regularity.  In  some  parts,  even  single  fields  lying 
in  east  and  west  lines  are  of  different  value.  But  the 
prevailing  agricultural  characters  are  strictly  dejilendent  upon 
geological  causes,  and  if  Geology  is  unable,  from  want  of 
section,  to  explain  the  agriculture  of  the  country  upon  the 
New  Red  Sandstone,  she  slone  is  able  to  give  any  rational 
explanation  of  the  great  variety  of  land  observed  west  of  the 
limestone,  between  either  Hickleton,  Hemsworth,  or  Wake- 
field, up  to  Penistone.  Now  all  the  strata  of  the  Coal  series 
rise  at  a  rapid  angle  to  the  west,  and  this  at  a  greater  rate 
than  the  surface  rises ;  the  various  beds  consequently  come  to 
the  surface,  and  extend  across  the  country  in  north  and  south 
lines;  therefore,  if  similarity  of  soils  from  identity  of  strata 
exist,  they  will  be  found  to  extend  from  north  to  south. 
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In  the  first  place  the  upper  beds  in  the  Coal  field  have 
upon  them  some  of  the  most  valuable  lands  in  Yorkshire^ 
which  consist  of  grazing  pasture  and  most  excellent  wheat 
soils;  as. at  the  Heath,  Nostell,  Badsworthi  Lord  Galway's, 
at  Felldrky  and  at  Mr.  Foljambe's  estate  at  Brierley ;  further 
south,  Mr.  Fountaine  Wilson's  land,  at  Melton,  lets  at  30s. 
to  £3  per  acre.  AH  die  borings  and  sinkings  afford  a  list 
of  sandy  binds,  or  clays  mixed  up  with  sand,  which  do  not  . 
usually  require  draining. 

Below  these,  and  further  west,  there  are  three  thick  beds  of 
Sand  Rock,  which  come  to  the  surface,  and  afford  the  lands 
of  Sandall,  near  Wakefield,  Woolley  Park,  Monk  Bretton, 
Wombwell,  Wath,  &o.,  light  sandy  sheep  soils,  the  agriculture 
of  which,  for  twenty  to  thirty  miles,  corresponds  to  the  rocks 
upon  which  each  hxm  is  located. 

Below  these  four  rocks,  binds  consisting  of  more  Clay 
with  less  admixture  of  Sand  prerail,  and  occupy  the  largest 
portion  of  the  Coal  district,  and  contain  the  most  valuable 
coal  mines,  some  of  which  are  worth  £400  per  acre.  Even 
some  of  the  beds,  as  the  muscle  band  ironstone,  with  its 
coal,  can  be  traced  when  only  20  to  60  yards  deep,  by  the 
very  wet  and  clayey  lands  above  it. 

The  Flagstone  and  Millstone  Grits  at  the  bottom  of  the 
series  then  come  to  the  surface,  and  their  productiveness  is 
limited  by  the  elevation  to  which  they  rise,  for  they  form 
some  of  the  most  elevated  regions.  When  sheltered  and  in 
valleys,  there  is  seen  upon  them  some  excellent  meadow  land^ 
also  good  wheat  and  barley  :  indeed  Penistone  seeds  for 
laying  down  grass  are  celebrated.  But  upon  the  western 
heights,  1200  to  1800  feet  above  the  level  of  the  sea,  the 
crops,  from  the  severity  of  the  winter,  are  cut  up,  and 
hay  harvest  is  commonly  not  completed  by  the  12th  of 
August,  and  the  oat  crops  are  frequently  not  housed  before 
November. 
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Here,  then,  upon  the  Coal  series  of  Torkahire,  although 
consistence  of  the  soil,  vegetation,  and  the  geological  rela- 
tions of  soils,  have  each  their  respectiye  value  as  marks  of 
the  value  of  land;  jet  all  these  are  modified  and  are  sub- 
ordinate to  (in  the  western  districts)  the  climate,  aspect,  &c., 
of  each  particular  farm. 

Such,  then,  is  an  outline  of  those  indications  which  are 
guides  in  judging  of  the  fertility  or  barrenness  of  soils;  with 
examples  of  their  application  through  the  whole  of  York- 
shire ;  any  one  of  which  is  not  to  be  used  to  the  exclusion  of 
the  other,  whenever  it  is  practicable  to  use  them  alL  The 
Royal  Agricultural  Society,  however,  gives  preference  to  tiiose 
obvious  ones  which  are  called  practical,  for  they  say — "  by 
'*  these,  farmers  and  surveyors  give  at  once  a  practical 
'<  opinion  upon  the  probable  nature  of  land  which  they  in- 
<<  spect"  I  do,  however,  maintain  that  whenever  a  person 
has  a  knowledge  of  all  the  signs,  i.e.,  the  chemical  and  the 
geological,  in  addition  to  those  more  obvious  ones  mentioned, 
and  is  capable  of  applying  them,  he  will  form  a  more  correct 
opinion  than  another  who  relies  only  upon  those  more  simple ; 
and  he  will  find  in  innumerable  cases  that  the  geological 
signs  will  explain  why  the  chemical  ones  are  exhibited;  while 
botii  combined  will  again  show  why  a  difference  of  colour  or 
consistence  exists,  which  again  will  explain  the  difference  of 
vegetation  upon  various  soils. 

The  whole  of  this  subject  is  well  illustrated  by  what  has 
occurred  hi  the  practice  of  medicine.  Thirty  years  ago,  the 
only  signs  of  disease  in  the  chest,  were  learned  from  states 
of  the  pain,  the  skin,  the  tongue,  tiie  breathing,  cough,  and 
the  sputum.  It  is  now,  however,  well  known  that  in  inflam- 
mation of  the  substance  of  the  lungs,  (pneumonia)  one-tenth 
of  the  cases  are  entirely  free  from  pain — ^that  one-seventh 
show  nothing  abnormal  in  the  breathing — and  in  one-sixth 
the  cough  and  expectoration  are  simply  catarrhal ;  so  that  a 
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person  may  have  a  violent  inflammation  of  the  lungs,  and  yet 
be  entirely  without  pain,  hare  no  difficulty  of  breathing, 
and  only  a  slight  cough*  And,  under  these  circumstances, 
the  pulse^  the  skin,  aad  the  tongue,  are  the  only  remaining 
fallacious  signs  to  indicate  not  only  the  seat,  but  the  nature 
of  the  complaint ;  and  it  may  be  truly  said,  that  a  physician 
who  has  a  knowledge  of  these  signs  only,  is  as  much  liable  to 
be  in  error  respecting  diseases  of  the  chest,  as  a  person  who 
ttUUDoines  in  a  soil  only  the  colour,  consistence,  and  the 
regetation,  for  indications  of  its  fertility. 

Laennec>  however,  by  the  discovery  of  other  physical  signs, 
has  done  for  medicine,  what  Chemistry  has  for  Agriculture, 
added  greater  precision  to  our  knowledge.  He  found  by  the 
aid  of  percussion  and  auscultation,  that  five  cases  out  of  seven, 
present  in  pneumonia  in  the  first  stage  of  invasion :  1.  A  re- 
markable feebleness  of  breathing.  2.  That  in  nearly  all  cases 
under  fifty  years  of  age,  during  the  second  or  inflammatory 
stage,  there  is  a  remarkable  crackling  in  the  lung,  (a  crepitant 
rhonchus,)  resembling  salt  thrown  into  the  fire,  and  perfecUy 
diagnostic  of  the  complaint.  3.  That  in  the  tiiird  stage,  the 
respiration  is  bronchial  throughout  the  lung,  accompanied  by 
dulness  upon  percussing  the  walls  of  the  chest.  Then  the 
labours  of  pathologists  were  brought  to  bear  upon  this  subject, 
and  just  as  geology  is  able  to  explain  why  variations  in  the 
colour,  consistence,  and  vegetation  of  soils  do  take  place, 
as  well  as  most  of  the  chemical  and  mechanical  differences ; 
so  the  anatomy  of  diseased  parts  (pathological  anatomy)  has 
been  made  subservient  to  the  explanation  of  all  the  symptoms 
attending  disease,  and  has  become  the  very  basis  of  an  en- 
lightened view  of  therapeutics.  It  informs  us  in  the  case 
before  us,  that  in  the  first  stage  of  inflammation,  the  blood 
vessels  are  loaded  with  an  inordinate  quantity  of  blood,  tiie 
lung  consequenUy  congested  and  tumefied,  and  consequentiy 
the  first  physical  sign  oi  feebleness  of  respiration  is  explained; 
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hence^  to  unload  these  blood  vessels  is  indicated  as  a  means  of 
cure.  That  in  the  second  stage,  the  distended  blood  yesselB 
unload  themselves  into  the  substance  of  the  lung,  by  which 
the  ingress  of  air  into  the  cells  is  further  obstructed,  while 
the  viscid  secretion  of  the  mucous  membrane,  simultaneously 
inflamed,  only  yields  to  the  air  forcing  its  way  through  it  in 
successive  bubbles ;  therefore  th'e  crepitant  rkanchus  or  crack* 
ling  is  explained;  and  hence  general  antiphlogistic  treatment 
In  the  third  stage,  the  fluid  efiused  from  the  blood  vessels  be- 
comes organized,  the  lung  consolidated  and  rendered  firm  as 
liver,  and  the  air  cells  obliterated  by  a  semi-^3olid  albumen  ; 
hence  dulness  on  percussion ;  and  the  bronchial  respiration 
is  heard,  owing  to  the  firm  substance  of  the  lung  having 
become  a  better  conductor  of  sound.  It  is  needless  to  say, 
that  each  of  these  stages  of  disease  requires  a  different  treat- 
ment, and  that,  in  the  last  stage,  where  the  tissue  of  the  lung 
is  disorganized,  large  depletions  would  be  certain  death.  It  is 
evident,  therefore,  that  Geology  and  Chemistry  afford  as  much 
information  really  practical,  as  auscultation  and  pathology  do 
in  medicine ;  and  if  by  the  question  of  what  are  practical 
indications  of  the  value  of  soils,  asked  by  the  Royal  Agricul- 
tural Society,  (and  I  am  happy  to  see  several  distinguished 
members  of  that  Society  present,)  they  mean  only  those 
of  colour,  consistence,  and  vegetation,  they  will  receive  an 
answer  as  much  empyrical,  as  that  given  by  a  physician  who 
declares  his  diagnosis  and  mode  of  treatment  in  diseases  of 
the  chest,  from  a  consideration  of  only  the  more  external 
rational  symptoms,  to  the  neglect  of  the  physical  and  patho- 
logical. 

The  fact  is,  that  Agriculture  is  closely  allied  to  the  general 
sciences,  and  to  exclude  any  of  these  from  our  deliberation, 
is  to  contract  our  view  of  the  grand  operations  of  nature 
concerned  in  all  her  productions. 

It  is  true  that  the  descriptive  sciences  always  precede  the 
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general  sdences ;  in  tbe  former  we  seek  the  differential 
characters  of  facts;  while  in  the  latter  we  combine  them, 
and  connect  them  together  by  analogies ;  hence  to  describe  a 
soil  in  its  rariation  of  colour,  conmstence,  and  vegetation,  as  in 
anatomy  to  describe  the  blood  vessels,  nerves,  muscles,  &c., 
must  precede  all  knowledge  of  the  capabilities  and  physiology 
of  both.  And  in  order  to  predicate  respecting  the  indications 
of  the  fertility  of  soils,  they  must  be  conndered  in  their  more 
general  relations;  we  must  discover  their  connection  with 
Geology,  Chemistry,  and  with  Physiological  Botany,  and 
the  more  we  know  of  each  of  these  correlative  branches 
of  Agriculture,  the  more  we  shall  be  able  to  appreciate 
their  bearings  upon  her  practical  operations,  and  to  give 
a  philosophical  explanation  of  the  different  branches  of 
that  most  important  of  all  sciences,  viz.,  that  from  which 
the  human  species  derives  all  its  comforts,  and  by  means 
of  which  its  race  is  perpetuated  upon  the  surface  of  the 
globe. 


On  tbe  motion  of  Philip  Pusey,  Esq.,  M.P.,  seconded 
by  Lord  Morpeth, — The  thanks  of  the  Society  were  voted 
to  Mr.  Thorp,  for  his  Paper. 

The  Earl  Spencjbb  moved,  and  J.  W.  Childers,  Esq., 
M.P.,  seconded  a  resolution,  —  That  the  thanks  of  the 
Meeting  be  given  to  Earl  Fitzwilliam  for  his  services  in 
taking  the  Chair. 


At  a  Meeting  of  the  Council,  held  at  the  Committee 
Boom  of  the  Mechanics'  Institution,  in  Wakefield,  on  th^ 
27  th  September,  1843:  present,— The  Earl  Fitzwilliam  in 
the  Chair,  Mr.  Thomas  Wilson,  Mr.  J.  G.  Marshall,  Mr. 
West,  Mr.  Holt,  Mr.  W.  T.  Hall,  Mr.  George  Wilson,  Mr. 
Stansfeld,  Rev.  W.  Thorp,  Mr.  Hartop,  Mr.  Briggs,  and 
Mr.  Clay. 
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The  Secretary  reported  that  a  Joint  Meeting  of  the  Com- 
mittees appointed  hy  the  Geological  and  Polytechnic  Society 
and  hy  the  Leeds  Philosophical  and  Literary  Society,  was 
held  in  Leeds,  on  the  23rd  September :  present, — Rey.  R. 
W.  Hamilton  in  the  Chair,  Messrs.  J.  O.  Marshall,  T.  P. 
Teale,  W.  S.  Ward,  Wm.  West,  Thos.  WUson,  and  J-  T. 
Clay;  and  that  after  a  long  conversation  concerning  the 
removal  of  the  Museum  from  Wakefield  to  Leeds,  the 
following  minutes  were  unanimously  agreed  upon  as  a  basis 
for  the  proposed  arrangement : — 

That  such  an  arrangement  as  is  proposed,  is  regarded  by  us  as 
very  desirable. 

That  the  Curators  of  the  two  Societies  agree  in  the  appointment 
of  the  Sub-curator  of  the  Leeds  Philosophical  and  Literary  Society, 
the  latter  Society  receiving  any  amount  of  compensation  which 
may  be  due  in  respect  of  the  increased  labours  of  the  Sub-curator. 

That  the  Geological  Curator  of  the  Leeds  Philosophical  and 
Literary  Society  be,  ex-officio,  one  of  the  two  Curators  of  the  West 
Riding  Geological  and  Philosophical  Society,  during  the  proposed 
arrangement 

That  the  notices  to  terminate  the  proposed  arrangement,  be  one 
full  year's  notice  by  either  party. 

That  the  sum  of  £30  per  annum  appears  a  reasonable  amount 
to  be  paid  by  the  West  Riding  Society  to  the  Leeds  Society  for 
rent,  and  compensation  for  extra  labour,  &c. 

That  the  whole  expense  of  removing  the  Museum  from  Wake- 
field, and  its  setting  up  in  the  Philosophical  Hall,  be  borne  by  the 
West  Riding  Geological  and  Polytechnic  Society,  as  well  as  the 
expense  of  its  further  alterations. 

That  the  right  of  entry  and  admission  to  the  united  Museums 
be  the  same  to  the  members  of  both  Societies. 

The  foregoing  minutes  having  been  fully  discussed,  it  was 
unanimously  resolved : 

Tfiat  the  proper  steps  be  taken  to  make  suitable  arrangements 
for  the  removal  of  the  Museum  to  Leeds. 
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PROCEEDINGS 

or  THE 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
et  tit  WBUM^atixq  of  9orft0lft(rt, 

AT   THX  FIFTH  ANNUAL  MEETING,  HEIJ>  IN  THE   MECHANICS* 

INSTITUTION,   WAKSFIELDi 

ON   WEDNESDAY,   SEPTEMBER  27tH,   1843. 


The  Right  Hon.  Earl  Fitzwilliam,  President  of  the 
Society,  in  the  Chair. 

The  Secretary  read  the  following  Report  of  the  Proceed- 
ings of  the  Society  for  the  past  year : — 

report  OF  the  council  OF  THE  GEOLOGICAL  AND 
POLYTECHNIC  SOCIETY  OF  THE  WEST-RIDING  OF 
YORKSHIRE,  PRESENTED  AT  THE  FIFTH  ANNUAL 
MEETING,    ON   THE   27tH   OF   SEPTEMBER,    1843. 

During  the  past  year,  the  proceedings  of  the  Society  have 
been  conducted  with  the  usual  regularity.  At  the  last 
annual  meeting  the  number  of  members  was  329.  During 
the  year  18  have  been  elected  and  11  have  resigned.  The 
list  of  members  has  also  been  corrected  by  the  erasure  of 
the  names  of  several  gentlemen,  who,  from  death,  removal, 
and  other  causes,  had  ceased  to  qualify,  leavmg  the  number 
on  the  books,  299. 

At  the  annual  meeting  in  September,  papers  were  read 
by  the  Rev.  W.  Thorp—"  On  the  failure  of  Red  Clover 
on  certain  soils,"  and  by  James  Hamerton,  Esq. — "  On 
Arboriculture.'* 
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At  the  meeting  held  at  Bradford,  in  December, — 
*'  An  Explanation,  with  Illustrations,  of  a  practical 
method  of  determining  the  qualities  of  Iron  and  Steel, 
and  the  hardness  of  the  latter,"  hy  the  Rev.  W.  Scoreshy, 
D.D.,  F.R.S. — <^0n  a  series  of  Experiments  made  upon 
Iron,  manufactured  hy  the  hot  and  cold  blast,"  by  William 
Graham,  Esq.,  Milton  Iron  Works,  and  "  On  the  Geome- 
trical Principles  of  Gothic  Tracery,"  by  W.  Wallen,  Esq., 
F.S.A 

At  the  meeting  held  at  Halifax,  in  March — "  On  render- 
ing ayailable  for  Agricultural  Purposes,  a  variety  of  substances 
and  refuse  from  Mines,  hitherto  considered  of  no  value,"  by 
H.  Briggs,  Esq.,  Overton. — "  Observations  upon  certdn 
Geological  Terraces,  with  some  remarks  upon  Glacial  Pheno- 
mena," by  Mr.  D.  Mackintosh. — "  On  the  Reciprocal  Pro- 
pelling Powers  of  Fluids,  and  certain  Rotary  Machines 
upon  each  other,"  by  B.  Biram,  Esq.,  Wentworth — "  On 
the  Process  of  Blasting,  by  means  of  Galvanism,"  by  Martyn 
J.  Roberts,  Esq.,  F.R.S.E. 

At  the  meeting  held  at  Leeds,  in  June — "  Illustra- 
tions of  the  Yorkshire  Coal  Field,"  by  the  Rev. 
W.  Thorp, — "  On  the  Results  of  Experiments  on  the 
Relative  Strength  of  Pig  Iron  of  various  qualities,  and 
from  different  makers,  upon  bars  12  inches  long  and  one  inch 
square,"  (second  series)  by  Mr.  Chas.  Todd,  Leeds, — "  On 
the  Advantages  of  Mechanical  Force  over  the  Power  of 
Rarefaction  in  Ventilating  Mines  and  Buildings,"  by  Mr. 
William  Foumess,  Leeds, — ^^  On  Pumps,  for  Mining  and 
Engineering  Purposes,"  by  H.  Hartop,  Esq. 

An  Extraordinary  Meeting  was  also  held  at  Doncas- 
ter,  on  the  3rd  of  August,  in  connexion  with  the 
annual  meeting  of  the  Yorkshire  Agricultural  Society,  at 
which  a  Paper  was  read  by  the  Rev.  William  Thorp — "  On 
the  Best  Modes  of  Judging  of  the  Fertility  of  Soils." 
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A  general  feeling  of  gratification  was  expressed  at 
the  co-operation  of  the  two  Societies,  which  have  many 
suljjects  of  common  interest,  and  the  Council  look  forward 
with  pleasure  to  the  prospect  of  a  future  opportunity  of  inter* 
changing  information  of  a  mutually  interesting  character. 

This  list  of  communications,  while  it  indicates  the 
existence,  in  the  West-Biding,  of  a  large  portion  of  that 
inquiring  spirit  which  so  peculiarly  marks  the  present  age, 
must  also  be  highly  satisfactory  to  every  supporter  of  the 
Geological  and  Polytechnic  Society,  as  a  proof  of  the 
advantages  resulting  from  the  establishment  of  an  Institu- 
tion  so  well  calculated  to  elicit  the  varied  talents  of  its 
members* 

The  Council  would  particularly  call  attention  to  the 
progress  of  the  line  of  section  taking  across  the  West^ 
Riding :  two  of  the  divisions  are  now  completed,  namely, 
that  surveyed  by  Mr.  Bull,  which  includes  the  township  of 
Mirfield,  and  the  one  by  Mr.  T.  W.  flail,  comprising  the 
townships  of  Bretton-West,  Crigglestone,  Wortley,  Notton, 
Keystone,  Shafton,  Brierley,  and  Great  Houghton,  extending 
over  a  distance  of  upwards  of  nine  miles,  and  exhibiting  a  noble 
instance  of  the  devotion  of  individual  exertion  to  the  ad- 
vancement of  scientific  knowledge.  It  is  of  much  importance 
that  those  gentlemen  who  have  so  liberally  undertaken  to 
perform  the  remaining  portion,  should  make  their  arrange- 
ments as  early  as  possible,  in  order  that  the  whole  line  of  the 
section,  with  the  geological  characters  marked  on  it,  may  be 
completed  before  the  lapse  of  another  summer. 

In  the  last  Annual  Report,  the  Council  stated  that  a 
resident  Curator  had  been  appointed,  to  tdke  charge  of  the 
Museum  in  Wakefield.  This  proceeding  involved  a  consider- 
able annual  expenditure,  and  after  upwards  of  a  year's 
experience,  the  Council  do  not  consider  that  the  increased 
outlay  has  been  attended  by  correspondent  advantages ;  and 
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while  they  are  anxious  to  extend  the  usefulness  of  the 
Museum,  which  now  contains  a  very  valuable  collection,  Aey 
do  not  feel  warranted  in  sanctioning  such  an  encroacfament 
upon  the  funds  of  the  Society,  as  this  system  of  management 
requires.  They  have,  therefore,  instituted  an  inquiry  as  to 
the  possibility  of  placing  the  collection  under  the  care  of 
some  Philosophical  Society  in  the  West  Riding,  with  the 
expectation  that  if  a  satisfactory  arrangement  of  this  nature 
could  be  made,  means  would  be  afforded  which  would  enable 
the  Council  to  procure  the  occasional  services  of  gentlemen 
of  known  scientific  attainments,  and  also  allow  an  increased 
expenditore  in  collecting  specimens. 

In  conclusion,  the  Council  beg  to  impress  upon  the  Mem- 
bers of  the  Society  the  necessity  of  continued  and  active 
exertion  in  promoting  the  furtherance  of  its  objects.  The 
British  Association  for  the  Advancement  of  Science  having 
determined  to  hold  its  next  Meeting  in  York,  in  the  autumn 
of  1844,  an  impulse  will,  doubtiess,  be  given  to  the  study 
of  those  subjects  which  peculiarly  come  under  tiie  notice  of 
this  Society,  and  which  must  be  highly  advantageous  to  its 
interests. 

STATEMENT  OF  THE  RECEIPTS  AND  EXPENDITUEE, 
From  26th  September,  1841,  to  25th  September,  1842. 
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STATEMENT  OF  THE  RBCEIFTB  AND  EXPENDITUBE; 
I  SSlii  SepienilMr,  18^  lo  SSlii  SepienilMr,  1843. 


£m  t  • 


£10  u  • 


On  the  proposition  of  the  Chairman  it  was  unanimously 
resolved : — 

That  the  Report  and  Cash  Account  be  received. 

It  was  moved  by  Mr.  Hartop,  and  unanimously  resolved : 

That  the  thanks  of  the  Meeting  be  given  to  tbe  Directors  of 
the  Mechanics'  Institution,  for  their  kindness  in  aiTording  the  use 
of  their  Hall  on  the  present  occasion. 

On  the  proposition  of  the  Secretary  the  following  gentlemen 
were  unanimously  elected  Members  of  the  Society : — 

Mr.  John  Rogerson,  Doncaster. 

Mr.  John  Wilson,  Sheffield. 

Mr.  J.  C.  Wilson.  Sheffield. 

Wm.  Hatfield,  Esq.,  Newton  Kyme,  Tkdcaster. 

The  following  Resolutions  were  passed  unanimously : — 
Mr.  Wbst  proposed  and  the  Sbcrbtabt  seconded. 
That  Mr.  Martyn  J.  Roberts,  F.R.S.E.,  be  elected  an  Honorary 
Member  of  the  Society. 

Mr.  Wbst  proposed  and  the  Rev.  W.  Turnbb  seconded. 

That  this  Society  views  with  much  satisfaction  the  return  of 
the  British  Association  for  the  Advancement  of  Science  to  its 
birth-place,  the  city  of  York,  and  recommends  to  the  Members 
of  the  West*  Riding  Geological  and  Polytechnic  Society,  to  assist 
by  such  means  as  may  be  in  their  power,  in  rendering  the  proposed 
Meeting  of  the  British  Association  in  York  numerous,  interesting, 
and  advantageous  to  science. 
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The  following  gentlemen  werd  then  declared  duly  elected 
to  be  the  officers  of  the  Society,  by  the  provisions  of  rule  13: 

VresOrent 
£AEL  FITZWILLIAM,  F.BB. 


l^ice^VtenOrents. 


DuKX  OF  Norfolk. 
Earl  of  Effivgham. 
Eahl  of  Dartmouth. 
LoRp  Wharkclzffe* 
Lord  Stourtok. 

V18COUNT    MiLTOK. 

YiscouiTT  Howard,  M.P. 

HOK.  W.  8.  liASCELLKSy  M.P. 

HoK.  J.  S.  Wort  LEY,  M  J. 
Sir  F.  L.  Wood,  Bart. 
Sir  W.  B.  Cooke,  Bart. 
R^v.  Dr.  Bcoresby. 
Rev.  8.  Sharp. 
Rev.  T.  Barnes. 


T.  W.  Beaumont,  Ebo. 
J.  8.  Stanhope,  Esq. 

B.  O.  Gabcoione,  Esd. 
G.  Lane  Fox,  Eso. 

J.  W.  Ghilders,  Esq.  MJP. 
E.  B.  Beaumont,  Esq. 
G.  Wentworth,  Ebq. 
W.  Bennett  Martin,  Esq. 

C.  J.  Brandlino,  Esq. 
J.  G.  Marshall,  Esq. 
Michael  Ellison,  Esq. 
T.  D.  Bland,  Jun.  Esq. 
P.  D.  Cooke,  Esq. 
Wm.  West,  Esq.  F.RA 


H.  Brioos. 
W.  T.  Hall. 
H.  Hartop.    - 
J.  M.  Stansfeld. 


CottllCtl. 
Charles  Morton. 
George  Welch. 
Thomas  Wilson. 
W.R.  H.Johnstone. 


Rev.  W.  Thorp. 
H.  Clarkson. 
J.  Westmorland. 
Charles  Locke. 


Sbtttttavfi  aiOr  Creasurer. 
Joseph  Travis  Clat,  Rastrick,  Huddersfield. 

ftonorars  Ciu:atot«. 
T.  W.  Embleton  and  Henry  Holt. 

Benj.  Biram  and  G.  W.  Chambers. 


Mr.  West  then  read  the  following  Paper : — 

ON     A     REMARKABLE      CASE      OF     THE     ACTION     OF     SPRING 

WATER  ON  LEAD. BT  WILLIAM  WEST,  ESQ.,  HIGHFIEL.D 

HOUSE,    NEAR   LEEDS. 

The  mutual  reaction  of  water  and  lead  becomes  of  mcreas- 
ing  practical  importance  as  the  increase  of  population  and 
refinement  causes  us,  in  the  country  as  well  as  in  towns,  to 
recede  from  the  primitive  method  of  supply, — carrying  the 
pitcher  to  the  spring, — and  to  substitute  pumps  and  cisterns* 
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Though  many  of  the  circumstancos  which  influence  this  re- 
action are  now  known  to  scientific  chemists,  yet  they  have 
so  recently  been  ascertained,  and.  they  hare  found  their  way 
so  little  into  purely  medical  works,  and  still  less  into  popular 
treatises,  that  a  short  account  of  some  of  them  may  be  a 
proper  introduction  to  the  particular  case  referred  to  in  the 
title  of  this  paper.  No  longer  ago  than  1803,  Dr.  Lambe,  in 
his  **  Researches  into  the  Properties  of  Spring  Waters,**  states 
that  rain  water  does  not  corrode  lead,  but  that  most  spring 
waters  possess  the  property  of  corroding  and  dissolving  lead 
to  such  an  extent,  as  to  render  them  unfit  for  the  use  of  man, 
and  that  they  derive  their  solvent  power  from  some  of  the 
salts  present  in  such  waters.  In  1809,  Guyton  Morveau, 
from  experiments  much  more  scientific  and  accurate  than 
Dr.  Lambe's,  came  to  an  opposite  conclusion, — that  distilled 
or  pure  water  acts  rapidly  on  lead,  converting  it  into  a 
hydrated  oxide  (white  lead) ;  and  that  some  natural  waters, 
which  hardly  attack  lead  at  all,  are  prevented  from  doing  so 
by  the  salts  which  they  hold  in  solution.  Morveau  is  right 
as  to  distilled  water  acting  on  lead.  Dr.  Lambe  was  mis- 
taken. 

Dr.  Christison,  by  experiments  which  I  presume  are  x)ri- 
ginal,  and  which  are  detailed  at  some  length  in  his  Treatise 
on  Poisons,  1832,  has  established  with  great  minuteness,  and 
for  the  most  part  with  unquestionable  accuracy,  the  circum- 
stances, or  at  least  many  of  them,  which  influence  this  curious 
and  important  reaction.  He  states  that  distilled  water,  de- 
prived of  its  gases  by  boiling,  and  excluded  from  contact 
with  the  air,  has  no  action  on  lead.  That  if  the  water  con- 
tains the  customary  gases,  (oxygen,  nitrogen,  and  carbonic 
acid,)  the  surface  of  the  lead  loses  its  polish  and  becomes 
white;  if  the  surface  of  thb  water  be  not  exposed  to  the 
idr,  the  action  soon  comes  to  a  close;  but  if  the  air  is 
allowed  free  access,  the  action  goes  on  to  a  great  extent. 
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The  last  circumstance  I  hare  often  verified,  as  well  as  Dr. 
C/s  correction  of  Guyton  Morveau,  that  the  white  powder 
is  carbonate,  not  hydrated  oxide.  But  I  have  not  found 
the  exclusion  of  air,  or  even  its  separation  by  boiling,  so 
effectual  as  it  appeared  to  Dr.  Christison*  I  find,  like  him, 
that  any  of  the  neutral  salts  usually  contwied  in  natural 
waters,  lessen  or  prevent  the  action  described.  I  resume  bis 
account,  much  curtailed,  of  the  action  of  particular  classes 
of  salts. 

The  preserving  power  depends  entirely  on  the  acid  of  the 
salt,  not  on  the  base,  and  those  salts  are  preservative  in 
the  highest  degree  whose  acid  forms,  with  oxide  of  lead,  salts 
of  the  least  solubility,  either  in  water  alone,  or  water  con- 
taining carbonic  acid.  When  the  corresponding  salt  of  lead 
is  insoluble,  or  very  nearly  so,  an  extremely  minute  propor- 
tion of  any  alkaline  or  earthy  salt  acts  as  a  preservative. 

Acetates  and  nitrates  are  not  completely  preservative,  even 
in  the  proportion  of  one  per  cent,  to  the  water,  or  700  grains 
in  the  gallon ;  phosphate  of  soda  is  almost  effectually  so  in 
the  proportion*  of  one  to  thirty  thousand,  or  about  two  grains 
in  the  gallon.  None  of  the  above  salts  being  commonly 
present  in  natural  waters,  they  are  not  of  immediate  practical 
importance;  but  they  are  material  in  a  scientific  point  of  view, 
as  proving  the  defensive  power  to  vary  according  to  the  solu- 
bility of  the  salt  of  lead  denoted  by  each  acid,  the  acetate 
and  nitrate  being  among  the  more  soluble  of  salts  of  lead, 
phosphate  of  lead  one  of  the  most  insoluble  of  neutral  salts. 
Common  salt  and  other  chlorides,  gypsum  and  other  sul- 
phates, hold  a  middle  place.  Dr.  Christison  seems  to  have 
found  them  defensive  in  proportions  ranging  from  l-2000th 
to  l-4000th,  the  sulphates  being  the  most  effectual. 

In  those  solutions  of  muriates,  sulpha^tes,  and  carbonates 
of  lime,  soda  and  magnesia,  which  constitute*  the  greater 
part  of  spring  waters,  I  have  observed,  I  think,  quite  as  great 
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preserratiye  power  as  would  be  inferred  from  Dr.  Christison's 
remarks.  Eyen  rain  water,  in  the  ordinary  modes  of  collec- 
tion,  acquires  occasionally,  according  to  hia  observations  as 
well  as  my  own,  sufficient  saline  matter  to  be  quite  preseryar 
tive.  But  it  may  be  unsafe  to  trust  to  this  as  sanctioning  the 
use  of  rain  water  conducted  from  leaden  roofs,  or  its  preser- 
ration  in  leaden  cisterns,  when  intended  in  either  case  for 
culinary  uses.  He  points  out,  too,  a  mode  in  which  leaden 
cisterns,  when  kept  coyered,  may  be  and  haye  been  acted  on 
while  storing  water  in  itself  preseryatiye.  It  is  that  such 
water  will  giye  out  yapour  to  the  atmosphere  above ;  when 
the  cistern  is  only  partially  full,  this  vapour,  on  any  accidental 
reduction  of  temperature,  condenses  as  pure  or  distilled  water 
on  the  uncovered  portion,  acts  on  this,  and  trickles  down  to 
the  saline  or  preservative  water  beneath.  He  describes  some 
cistems  the  upper  parts  of  which  had  been  corroded  in 
this  manner.  Minute,  accurate,  and  systematic  as  were  the 
experiments  of  Dr.  Christison,  to  which  the  above  ab- 
stract does  but  feeble  justice,  he  has  not  exhausted  the  sub- 
ject He  foundithe  presence  of  much  carbonic  acid  in  the 
water  to  counteract  somewhat  powerfully  the  defensive  effect 
of  the  salts.  With  me  this  has  been  less  remarkable  than  with 
him.  I  think  that  I  have  observed  lead  partially  immersed  to 
be,  apart  from  uiy  condensation  of  water,  more  acted  on  than 
when  wholly  immersed.  I  impute  this  to  a  galvanic  action 
between  the  wet  and  the  dry  lead.  The  question,  very  ma- 
terial in  a  practical  point  of  view,  how  far  slight  impurities  of 
certain  kinds  in  the  lead  itself  render  it  more  or  less  readily 
acted  on?  has  not  been  scientifically  investigated.  Dr.  C.  does 
not  touch  upon  it  I  find  Chinese  tea  lead,  which  contains 
tin,  to  remain  bright  in  such  distilled  water  as  rapidly  acts  on 
plumber's  English  lead;  but  on  the  other  hand  plumber's 
solder,  which  contains  a  much  greater  proportion  of  tin,  was 
in  one  cistern  more  generally  attacked  than  the  lead  itself. 
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And  I  bare  been  informed  tbat  some  of  the  lead  of  commerce 
is  in  fact  much  more  easily  corroded  than  other  samples. 
Even  the  difference  in  density  between  rolled  and  cast  lead 
may  produce  some  difference  in  effect. 

I  met  with  an  instance  but  a  few  years  ago  of  how  little  the 
knowledge  of  the  true  action  of  water  on  lead  had  become 
known,  and  of  the  danger  attending  ignorance  on  the  subject. 
A  gentleman  of  some  fortune,  education,  and  general  intelli- 
gence, at  whose  house  I  had  occasion  to  call  on  other  chemical 
business,  showed  me  with  great  glee  a  leaden  cistern  in  a 
dark  cellar,  into  which  was  conducted  the  water  arising  from  the 
condensation  of  the  steam  of  his  cooking  apparatus,  and  in  which 
this  water  so  distilled,  was  stored  for  his  own  special  drinking. 
Suspecting  that  the  usual  process  must  take  place,  I  examined 
the  state  of  the  cistern  more  closely  than  he  had  done,  and 
found  at  the  bottom  a  deposit  of  nearly  half  an  inch  in  thick- 
ness of  carbonate  of  lead  in  loose  glistening  crystals ;  the 
water  at  the  same  time  showing  to  the  proper  tests,  decided 
proof  of  the  presence  of  some  of  the  carbonate  in  solution. 

I  proceed  to  the  case  in  question,  as  the  immediate  subject 
of  this  essay.  I  was  applied  to  in  order  to  discoyer  the  cause 
of,  and  if  possible  to  provide  a  remedy  for,  the  corrosion  of 
certain  cisterns  at  a  gentleman's  mansion.  One  had  to  be 
provided  with  a  new  bottom  about  five  years  after  its  erection, 
and  others  threatened  a  like  result.  The  corrosion  was  not 
general,  like  that  of  a  sheet  of  lead  in  pure  water,  but  on 
certain  spots  there  were  fungous  or  efflorescent  deposits  of 
carbonate  of  lead.  These  were  easily  removed,  and  under 
each  the  lead  was  black,  without  metallic  lustre,  and  so  soft 
as  to  be  easily  scraped  with  the  nail  into  a  hollow.  When 
left  to  themselves,  the  lead  in  these  spots,  in  the  cistern  which 
perished,  was  acted  on  more  and  more  deeply,  imtil  they 
became  holes,  which  caused  it  to  leak.  These  spots  upon  the 
lead  were  confined  to  the  bottom,  but  upon  the  solder  they 


Digitized  by  VjOOQ IC 


167 

were  not  only  more  abundant,  but  they  were  found  upon  the 
solder  of  the  pipes  which  serve  as  exit-plugs,  at  all  heights 
from  the  bottom.  The  water,  it  may  be  proper  to  mention, 
is  kept  at  the  same  height,  almost  filling  each  cistern,  by  a 
ball-cock.  One  peculiarity  of  the  case  is  that  a  leaden  bath, 
close  to  the  original  spring,  is  kept  filled  with  the  same  water, 
and  this  bath  has  remained  without  injury  or  repair  for,  it  is 
said,  sixty  years.  From  the  spring  a  portion  of  the  water  is 
forced  by  its  own  action  on  a  ram,  for  about  a  quarter  of  a 
mile,  to  a  coTcred  stone  tank  in  the  park. 

In  this  portion  of  its  course  it  is  conveyed  through  a  leaden 
pipe.  The  tank  being  covered,  excludes  the  supposition  of 
decaying  vegetable  matter,  which  has  been  suggested.  From 
the  tank  to  the  mansion,  probably  about  the  same  distance  as 
from  the  spring  to  the  tank,  it  passes  through  a  pipe  of  cast 
iron.  I  ascertained  by  a  minute  analysis  that  the  composi- 
tion of  the  saline  ingredients  of  the  water  was  exactly  the 
same  in  the  three  situations,  the  spring,  the  tank,  and  the 
cistern.     It  yielded  as  follows,  in  the  imperial  gallon : 

Sulphate  of  Lime 3  grains. 

Muriate  of  Lime    3^    „ 

Sulphate  of  Soda  IJ    „ 

Carbonate  of  Soda    .8^    „ 

Total 16  grains. 

The  water  from  the  spring  yielded  no  trace  whatever  of 
lead  in  solution,  that  from  the  tank  an  exceeding  minute 
trace,  that  from  the  cistern  was  more  decided. 

The  water  in  passing  through  the  iron  pipe,  brings  with  it 
a  quantity  of  iron  rust,  which  when  thus  carried  into  the 
cistern,  though  easily  moved,  collects  in  certain  parts  accord* 
ing  to  the  eddies  in  the  water,  and  I  think  I  traced  a  connec- 
tion between  such  collections  of  rust  and  the  efflorescence  and 
attendant  corrosion  of  the  lead.  Taking  all  the  circumstances 
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together,  I  caDnot  doubt  diat  this  rust  is  the  cause  of 
the  injury  complained  of.  We  know  that  peroxide  of  iron 
stands  on  or  near  the  verge  which  separates  bases  from 
acids,  but  so  decisive  an  action  of  thb  substance  on  another 
metal  is  not,  that  I  know  of,  elsewhere  recorded.  Nor 
have  I  been  able  to  hear,  from  plumbers  of  whom  I  have 
inquired,  of  lead  having  been  thus  observed  to  be  corroded 
into  holes. 

I  suggested  for  trial,  by  way  of  remedy,  passing  Ume 
water  through  the  iron  pipe,  in  the  hope  of  coating  the  iron 
with  carbonate  of  lime,  and  thus  preventing  the  formation  of 
rust ;  this  was  tried,  and  for  a  time  with  some  appearance  of 
success,  but  the  rust  soon  returned,  and  with  it  the  corrosion; 
it  only  remdned,  therefore,  to  recommend  coating  the  cis* 
terns  either  with  paint  or  cement. 


Mr.  Lucas,  of  Sheffield,  read  a  Paper,  describing  the 
Action  of  the  Atmospheric  Railway  between  Kingstown  and 
Dalkey. 

Mr.  Hartop  read  a  Paper  on  Ventilation,  and  explained 
the  Principle  of  an  Apparatus  intended  to  promote  the 
proper  Ventilation  of  Rooms. 

Mr.  Hall  eshibited  the  Portion  of  the  Line  of  Section 
allotted  to  him ;  comprising  the  townships  of  Bretton  West, 
Crigglestone,  Wortley,  Notton,  Roystone,  Shafton,  Brierley, 
and  Great  Houghton,  extending  over  a  distance  of  upwards 
of  nine  miles. 

The  thanks  of  the  Meeting  were  voted  to  the  Authors  of 
the  Papers,  and  to  Mr.  HalL 

The  Secretary  read  thte  following  notice,  which  had  been 
laid  upon  the  table,  having  received  the  signatures  of  ten 
Members : — 

"At  the  next  Quarterly  Meeting  of  the  Society  it  will  be 
proposed  :— 
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**  That  the  Specimens  composing  the  Museum  of  this  Society, 
be  removed  into  an  apartment  of  the  Leeds  Philosophical  and 
Literary  Society,  and  that  they  be  kept  there  as  a  separate  col- 
lection, and  remain  the  property  of  the  Geological  and  Polytechnic 
Society  of  the  West-Riding  of  Yorkshire^  and  be  reclaimable  at 
pleasure^  on  due  nodce." 

It  was  moved  by  the  Rev.  Samuel  Sharp,  and  seconded 
by  J.  O.  Marshali^,  Esq^  and  unanimously  resolved : 

That  the  thanks  of  the  Society  be  given  to  the  Earl  Fitz- 
wnxiAM  for  his  able  conduct  in  the  Chair,  and  for  his  uniform 
aitention  to  the  interests  of  the  Society. 


o2 
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PROCEEDINGS 

OF  THE 

GEOLOGICAL  &  POLYTECHNIC   SOCIETY 
et  fit  raUftt^HOidifl  of  fSotfimUtt, 

AT   THE    TWENTr-POURTH    QUARTERLY  MEETING,   HELD   AT 
HTJDDERSFIELD,  ON  WEDNESDAY,  DECEMBER  6tH,  1643. 


The  Rev.  W.  Scorbsby,  D.D.,  F.R.S.,  in  the  Chair. 

The  Rev.  Dr.  Scoresby,  on  taking  the  Chair,  com- 
menced the  proceedings  of  the  meeting  by  remarking  upon 
the  great  advantages  of  the  Polytechnic  Department  of  the 
Society,  by  affording  the  means  of  communication  between 
practical  men.  Many  discoveries  of  the  highest  order  had 
arisen  from  the  observation  of  minute  circumstances,  and  he 
urged  the  younger  members  in  particular  not  to  refrain  from 
communicating  any  new  observations,  from  the  idea  that  they 
were  of  trifling  importance.  The  investigation  regarding 
the  determination  of  the  quality  of  iron  and  steel  by 
magnetism,  which  he  had  brought  before  the  Society 
some  months  since,  had  been  continued,  and  the  course 
of  experiments  was  now  completed.  The  expectation 
which  he  had  formed  of  the  utility  of  this  test  had 
been  fully  realized;  in  wrought  iron  he  was  able  to 
discriminate  the  quality  very  accurately,  and  he  had  been 
equally  successful  with  steel ;  but  greater  difficulty  attended 
his  observations  on  cast-iron,  though  a  considerable  degree  of 
accuracy  had  been  attained.  A  manufacturer  of  tools,  at 
Sheffield,  had  had  a  quantity  of  foreign  iron  put  into  his 
hands,  which  appeared  to  him  well  fitted  for  steel,  though 
much  lower  in  price  than  that  which  he  usually  used;   he 
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converted  it,  and  manufactured  the  steel  into  tools,  which 
were  apparently  of  the  best  quality ;  but  he  was  fearful  of 
injuring  the  character  of  his  articles,  and,  being  still  doubt- 
ful whether  it  was  safe  to  send  them  out  to  his  customers,  he 
requested  him  (Dr.  Scoresby)  to  examine  them,  and,  on 
submitting  them  to  the  test,  he  found  that  although  the  steel 
of  which  they  were  made  was  lower  by  £10  per  ton  than 
what  the  manufacturer  had  usually  employed,  it  was  in  every 
respect  of  equal  quality. 

The  notice  having  been  read,  which  had  been  laid  upon 
the  table  at  the  Annual  Meeting, 

It  was  proposed  by  Mr,  Pitt,  and  seconded  by  Mr. 
Morton,  and  carried  unanimously. 

That  the  Specimens  composing  the  Museum  of  this  Society,  be 
removed  to  the  Apartments  of  the  Leeds  Philosophical  and  Lite- 
rary Society,  and  that  they  be  kept  there  as  a  separate  Coileciionj 
and  remain  the  property  of  the  West-Riding  Geological  and 
Polytechnic  Society,  and  be  reclaimable  at  pleasure,  on  due  notice, 
and  that  the  following  gentlemen  be  requested  to  carry  the  fore- 
going Resolution  into  effect,  and  that  they  be  appointed  a  Com- 
mittee, to  make  the  needful  arrangements,  viz.,  Mr.  Briggs,  Mr. 
Holt,  Mr.  Morton,  Mr.  J.  G.  MarshaU,  Mr.  Embleton,  Mr.  J.  W. 
Leather,  Mr.  Teale,  and  Mr.  Thomas  Wilson. 

Dr.  Inolis  moved,  and  Mr.  Briggs  seconded,  the  fol- 
lowing resolution,  which  was  carried  unanimously : 

That  the  thanks  of  the  meeting  be  given  to  the  Literary  and 
Philosophical  Society  of  Huddersfield,  for  their  kindness  in  afford- 
ing the  use  of  the  Hall  on  the  present  occasion. 

Dr.  Inglis  then  read  the  following  Paper : — 

OBSERVATIONS  ON  THE  DISCOVERY  OF  COPROLITBS  IN  THE 
STANLEY  SHALE  AND  FLOCKTON  STONE,  OR  FISH  COAL, 
BY  MR.  M.  SIMPSON,  OF  WHITBY. — COMMUNICATED  BY 
JAMBS  INGLIS,  ESQ.,  M.D.,  HALIFAX. 

As  facts  ought  to  form  the  basis  of  every  Geological  theory, 
and  as  your  Society  has  for  one  of  its  great  objects  the  pro- 
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laotion  of  Geological  Science^  I  ted  aatisfied  fliat  every  fact 
and  practicfd  obseryation  made  by  Members,  or  others,  will 
at  all  times  be  readily  listened  to  by  you,  when  communicated 
to  the  Society^ 

It  is  not  my  intention  at  present  to  c^er  any  remarks  up<Hi 
the  long  contested  question  regarding  the  origin  and  formation 
of  CoaL  My  object  in  bringing  the  present  conOEunication 
before  you  is  simply  to  add  what  is  considered  to  be  a  fact  to 
those  already  collected  upon  this  subject;  and  further,  to 
place  upon  your  books  the  name  of  Mr.  Simpson^  your  late 
Curator,  as  the  first  discoverer  of  what  have  been  considered 
to  be  Coprofites  in  our  own  inamediate  Coal-formation. 

Without,  therefore,  troubling  you  with  a  more  lengthened 
pre&ce,  you  will  allow  me  to  read  the  few  following  pages, 
which  Mr.  Simpson  has  written  at  my  request,  and  has  kindly 
permitted  me  to  present  to  the  Society. 

"  Having  lately,"  says  he,  "  directed  my  attention  to  the 
remains  of  Fishes  occurring  in  the  roofs  of  some  of  the  York* 
shire  Coal  Beds,  it  has  been  thought  desirable  that  I  should 
communicate  the  result  of  my  observations  to  this  Society. 
It  is  well  known  to  several  of  the  members  that  the  remains  of 
fishes  occur  in  many  of  the  dark  shales  of  the  Yorkshire  Coal 
Series ;  but  I  shall  confine  my  observations  principally  to  the 
beds  which  form  the  roofs  of  the  Stanley  Shale  Coal  and  the 
Flockton  Upper  Bed, 

«'  The  first  of  these,  viz.  the  Stanley  Shale  Coal,  is  about 
80  yards  deep  at  Stanley,  near  Wakefield,  and  very  near  the 
surface  on  Westgate  Common.  It  underlies  the  important 
sandstone  beds  of  Altofts,  Wakefield,  and  New  Miller  Dam. 
At  about  18  yards  beneath  is  another  bed,  called  Stanley 
Main  Coal,  of  very  variable  quality,  which,  however,  on 
account  of  its  proximity  to  the  Stanley  Shale  Bed,  is  of  great 
service  in  ascertaining  its  identity. 

<'  The  Flockton  Bed  lies  about  260  yards  beneath  the 
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^Stanley  Shale  Bed,  from  which  it  is  separated  bj  the  Stanley 
Mam,  the  Warrenhouse,  and  the  Haigh  Mo(»r  Coal,  includ- 
iag  two  importaot  beds  of  Sandstone, — viz.  the  Horbury  and 
Dewsbury  Bock,  which  overlies  the  Haigh  Moor  Coal; — ^the 
other,  which  is,  I  bdieve,  denominated  the  Bradgate  Rock, 
and  may  be  seen  near  Middleton,  Dawgreen,  and  Tfaomhill, 
oyerlies  the  Floekton  Bed. 

*'  The  places  where  I  have  obserred  the  working  of  the 
Floekton  Bed,  are  Middleton,  Adwalton,  Cleckheaton,  Dews- 
bury,  Overton,  and  Floekton.  The  upper  part,  or  roof  of 
this  bed,  which  contains  the  remains  of  fishes,  is  generally 
called  Stone  Coalj  and  is  what  Mr.  Embleton  has  denominated 
at  Middleton  Fish  Coal.  The  roof  of  the  Stanley  Shale  Bed 
is  exceedingly  similar,  and  indicates  a  similar  mode  of  form- 
ation. 

**  My  attention  having  been  directed  to  the  fishes  of  the 
Yorkshire  Coal  Strata,  by  a  fine  collection  presented  to  the 
Museum  by  Mr.  Embleton,  I  commenced  examining  some 
dark  shale  brought  out  in  sinking  a  shaft  at  Stanley,  when  to 
my  no  small  surprise  and  delight,  I  found  that  it  not  only 
contained  detached  teeth  and  scales  of  fishes,  but  also  nume- 
rous Coprolitesy  in  the  highest  state  of  preservation.  Finding 
these  so  interesting,  I  collected  a  great  number  of  specimens 
at  this  locality,  and  also  diligentiy  examined  the  same  shale 
at  Newton  Lane-end,  at  Grove  Colliery,  and  at  Westgate 
Common,  at  all  which  places  I  obtained  abundant  specimens. 

*^  The  shale  containing  these  remains  forms  the  roof  of  the 
Stanley  Shale  Coal,  and  is  at  Stanley  six  or  eight  inches  in 
thickness :  from  the  bed  of  coal  upon  which  it  rests  upwards 
it  passes  into  dark  bind,  which  here  contains  numerous  dis- 
persed remains  of  molluscous  animals,  and  nodular  masses  of 
iron-stone,  rich  in  a  small  species  of  unio.  This  bind,  when 
exposed  to  the  atmosphere  for  a  short  time,  becomes  shivery, 
and  the  shells  are  liberated  from  the  matrix.   The  shale  itself 
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resists  longer  this  action  of  the  atmosphere,  but  upon  a  long 
exposure,  splits  into  thin  plates ;  when  newly  brought  out  of 
the  pit,  it  exhibits  an  exceedingly  fine  and  homogeneous 
texture,  and  splits  with  a  conchoidal  fracture.  The  organic 
remains  are  not  confined  to  any  particular  portion  of  the 
shale,  but  are  indiscriminately  disseminated  through  the  whole 
stratum,  the  Coprolites  being  by  far  the  most  numerous.  The 
shale  is  highly  bituminous,  and  would,  in  many  parts  of  the 
country,  be  regarded  as  a  valuable  article  for  fuel.  It  is  sofl 
and  smooth  to  the  touch,  and  slightly  soils  the  fingers.  When 
burning,  it  makes  a  crackling  noise,  gives  out  fiame  and  smoke 
in  abundance,  and  leaves  a  great  deal  of  exceedingly  fine,  soft, 
white  ashes.  Some  slight  traces  of  lepidodendra  may  occa- 
sionally be  detected  in  this  shale,  and  a  thin  bituminous  film, 
of  a  brilliant  lustre,  may  in  some  places  be  observed,  which 
seems  to  have  had  its  origin  in  decomposed  vegetable  matter. 
This  shale  is  entirely  destitute  of  all  remains  of  molluscous  or 
entomostracous  animals.  The  shale  at  Newton  Lane^nd, 
about  a  mile  from  the  former  locality,  is  very  similar  to  that 
observed  at  Stanley,  but  it  is  of  a  coarser  texture,  which  arises 
from  a  large  quantity  of  sulphur  disseminated  in  minute  specks 
through  the  mass,  coating  with  a  bright  golden  hue  the  teeth 
and  scales  of  fishes,  or  spreading  in  flowers  near  the  Coprolites. 
Here,  as  at  Stanley,  the  teeth  and  scales  are  detached,  and 
after  carefully  examining  a  great  deal  of  shale,  I  have  scarcely 
in  any  instance  met  with  any  thing  like  the  outline  of  a  fish. 
In  some  places  small  assemblages  of  teeth,  scales,  and  other 
parts  of  fishes,  may  be  observed  mingled  together  in  confusion. 
**  The  shale  at  Grove  Colliery  is  very  similar  to  that  at 
Stanley ;  and  a  fragment  presented  to  the  Museum  by  Mr. 
Briggs,  from  Whitwood  Colliery,  two  miles  East  of  Stanley, 
is  also  similar.  The  shale  at  Westgate  Common  contains, 
besides  the  remains  of  fishes,  some  exceedingly  sharp  specie 
mens  of  a  small  lepidodendron. 
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^<  The  Flockton  Stone^  or  Fish  Coal,  is  still  more  bituminous 
than  the  last;  it  is  often  used  in  the  manufacture  of  gas;  but 
when  burned,  it  leaves  a  large  quantity  of  fine,  soft,  brown 
ashes :  a  resinous  substance,  called  middletonite,  is  found  in 
it,  which  is  supposed  to  be  of  vegetable  origin.  The  remains 
of  fishes  in  this  bed,  as  in  the  Stanley  shale,  are  disseminated 
throughout  the  entire  mass,  but  certain  layers  may  be  observed 
in  which  they  are  more  abundant  The  parts  are,  as  in  the 
former  shale,  all  detached,  and  blended  together  in  confusion. 
Coprolites  also  are  found  in  the  Fish  Coal,  but  they  are  by  no 
means  so  well  preserved  as  in  the  Stanley  bed ;  indeed,  they 
appear  to  have  fallen  upon  a  harder  ground,  and  to  have 
suffered  from  the  action  of  the  waters  in  which  they  were 
deposited. 

^'  The  thickness  of  the  bed  may  be  said  to  be  about  six  or 
eight  inches,  the  upper  portion  of  it  containing  also  layers  of 
compressed  shells.  There  appears  to  be  little  or  no  difference 
between  the  specimens  from  Overton  and  those  from  Mid- 
dleton.  At  Dewsbury,  the  compressed  shells  occur  in  the 
whdle  mass,  but  I  did  not  observe  any  remains  of  fishes; 
indeed  the  remains  of  fishes  seem  to  be  confined,  in  a  great 
measure,  to  certain  localities ;  for  whilst  they  are  abundant  at 
Sir  John  Kaye's  pit,  at  Overton,  none  could  be  found  at  the 
pit  of  Messrs.  Stansfeld  and  Briggs,  although  only  about  a 
mile  distant  from  the  former. 

*^  What  may  be  the  range  and  extent  of  these  beds  much 
South  of  Wakefield,  I  am  unable  to  say ;  but  I  suppose  the 
Stanley  beds  are  wrought  at  a  pit  beyond  New  Miller  Dam, 
on  the  Wakefield  and  Bamsley  road ;  and  I  strongly  suspect 
that  the  Stone  or  Fish  Coal  of  Yorkshire  is  identical  with  the 
Cannel  Coal  of  Wigan  and  Lancashire. 

*^  These  two  beds,  so  rich  in  organic  remains,  fragmentary 
though  they  be,  must  be  highly  important  and  Interesting  to 
the  naturalist  and  to  the  systematic  geologist;    but  I  beg 
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respectfully  to  recommend  them  to  the  consideration  of  tiie 
practical  miner,  as  strongs  and  important  lines  of  demarcation 
in  the  Yorkshire  Coal  Strata.  The  remains  of  fishes  of  the 
same  species  do  indeed  occur  in  the  roofs  of  seyeral  other 
beds,  so  that  they  alone  are  not  sufficient  to  identify  the  two 
beds  which  have  been  the  subject  of  our  present  remarks ;  but 
these  taken  in  connexion  with  the  mineratogicaJ  character  of 
the  beds  in  which  they  are  found,  the  peculiar  maimer  in 
which  they  are  imbedded,  and  taking  into  account  all  other 
available  evidence,  they  can  scarcely  be  mistaken  for  any 
other  beds  which  occur  in  the  Yorkshire  series. 

<^  But  if  we  may  regard  these  two  beds  as  in  reality  beds 
of  coal,  their  investigation  will  throw  considerable  %ht  upon 
the  question  regarding  the  origin  of  that  most  valuable 
mineral.  Every  one  who  examines  either  of  these  beds  will 
be  convinced  that  it  has  been  deposited  in  a  state  of  very  fine 
mud,  and  consequently  under  circumstances  of  great  tran- 
quillity. The  scattered  teeth  and  scales  are  all  laid  as  they 
would  be,  if  left  to  their  own  gravity,  when  sinking  into  a  soft 
and  yielding  substance.  This  tranquillity  is  still  more  remark- 
ably indicated  by  the  high  state  of  preservation  in  which  we 
find  the  Coprolites.  In  general  we  may  suppose  that  these 
frail  substances,  when  first  deposited,  had  become  immediately 
enveloped  with  the  soft  mud  into  which  they  had  fallen,  and 
that  they  had  never  been  disturbed  until  this  substance  had 
hardened  around  them. 

*<  But  whilst  we  have  these  evidences  of  the  extreme  tran- 
quillity of  the  waters  beneath  which  these  beds  had  been 
formed,  it  is  surprising  that  the  teeth,  scales,  and  other  parts 
of  fishes  are  all  detached  and  fragmentary.  In  the  Magnesian 
Limestone,  the  Lias,  the  O&hte,  and  in  other  formations,  it 
is  very  common  to  meet  with  whole  fishes,  but  in  these  two 
beds  of  the  Coal  formation  we  find  the  very  reverse. 

**  Some  of  the  Coprolites  might  possibly  have  been  preserved 
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for  a  considerable  time  in  the  bowels  of  the  fish,  but  this  could 
scarcely  be  a  general  case.  I  know  it  has  been  argued  that 
the  softer  parts  of  fishes  have  been  devoured  by  entomostraca, 
so  abundant  in  some  beds  of  the  Coal  Series,  and  thus  the 
harder  parts  haye  been  loosened,  and  carried  away  and  di»- 
persed  by  currents  of  water;  but  I  have  not  been  able  to 
detect  any  such  remains  in  the  Stanley  bed. 

'<  But  if  these  beds  be  indeed  coal,  and  if  they  hare  been 
formed  in  the  manner  now  represented,  there  arise  the  follow- 
ing interesting  inquiries : — Whence  had  the  carbonaceous  and 
bituminous  matter,  of  which  they  are  chiefly  composed,  their 
origin  ?  Did  they  consist  of  decomposed  vegetable  matter, 
which  had  been  floating  in  the  water  and  gradually  subsided 
to  the  bottom  ?  And  are- we  to  consider  all  coal  as  formed  in 
the  same  way  ? 

**  It  has  been  said  that  the  vegetable  structure  has  been 
observed  in  Coal  itself;  and  nothing  is  more  common  than  to 
find,  in  the  Haigh  Moor  Coal,  very  perfect  flutings  and  leaf- 
scars  of  sigillaria;  but  where  these  occur,  the  coal  is  of  an 
inferior  quality ;  and  where  the  undecomposed  flattened  stems 
of  sigillaria  are  very  abundant,  the  substance  formed  is  deno- 
minated <<dirt,"  and  is  excluded  from  good  saleable  coal. 
With  respect  to  the  two  beds  of  coal,  upon  which  these 
remarks  have  been  made,  I  think  we  may  arrive  at  a  negative 
conclusion, — yiz.  That  the  two  beds  of  coal  in  question  have 
not  been  formed  of  wood  or  vegetables  piled  upon  each  other, 
but  by  the  gradual  deposition  of  bituminous,  carbonaceous, 
and  earthy  substances. 

*^  There  is  no  geological  formation  of  so  much  economical 
importance,  none  requiring  more  minute  investigation,  and  we 
may  add,  none  more  difficult  of  access  to  the  ordinary  observer, 
than  the  Coal  formation.  ^  It  is  to  gentlemen  particularly  en- 
gaged in  mining  operations,  that  we  must  look  for  information 
on  matters  connected  with  the  important  Coal-field  of  York- 
shire. 
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'*  But  whilst  we  thus  submit  to  patient  investigation  in  our 
own  Coal-field,  let  us  still  take  large  and  comprehensiye  views 
of  the  operations  of  nature.  Let  us  not  only  consider  our 
Coal-field  in  connexion  with  that  of  Lancashire,  or  Derbyshire, 
or  Durham,  but  as  forming  a  part  of  the  great  Coal-field  of 
Europe.  By  thus  combining  theory  with  practice,  the  subject 
may  not  only  yield  economical  benefit,  but  afford  also  intellec- 
tual gratification.  That  the  various  Coal-fields  of  Europe  are 
all  parts  of  one  great  contemporaneous  deposit,  is,  I  believe, 
allowed  by  all  geologists ;  and  that  the  carboniferous  strata 
are  but  the  poor  remains  of  still  more  extensive  deposits, 
which  have  been  carried  away  by  the  denuding  action  of 
water,  is  a  fact  substantiated  by  the  strongest  evidence.  It 
is  unnecessary,  however,  here  to  enter  upon  any  lengthened 
remarks  on  the  denudation  of  strata.  I  may  merely  mention 
the  Coal-field  of  Ingleton,  which  can  be  looked  upon  in  no 
other  light  than  a  continuation  of  that  of  Bradford  and 
Halifax ;  and  it  is  well  known  that  the  two  impei^ect  coal 
beds  of  the  Eastern  Moorlands  of  Yorkshire,  which  terminate 
at  the  vale  of  Cleveland,  are  found  again  in  all  their  char- 
acteristic features  in  the  northern  parts  of  Scotland. 

"  Viewing  the  subject  in  this  comprehensive  manner,  we 
may  speculate  on  the  nature  of  those  extensive  agents  which 
have  brought  about  the  formation  of  our  own  Coal  beds,  and 
many  facts  may  be  brought  to  bear  upon  the  perplexing 
question — Whether  coal  be  formed  of  vegetable  matter  grown 
upon  the  spot  where  we  find  it,  or,  has  that  vegetable  matter 
been  transported  from  a  distance  ? 

<<  As  it  regards  the  Stanley  shale,  there  can  be  no  doubt 
that  it  has  been  formed  beneath  somewhat  deep  and  tranquil 
waters,  and  that  it  has  been  deposited  in  the  ordinary  manner 
in  which  all  shales  have  been  formed.  But  in  strata  imme- 
diately above,  we  find  the  stems  of  sigillaria  standing  erect, 
as  if  in  the  very  place  where  they  had  grown ;  and  numerous 
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instances  of  this  kind  occur  in  every  Coal-field.  The  sand* 
stones  which  generally  enclose  these  remains  with  their 
accustomed  irregularity,  are  strong  marks  of  an  agitated 
sutCgu^.  How,  then,  can  we  account  for  appearances  so 
dissimilar? 

'<  For  my  own  part,  I  look  upon  the  Coal-field  of  Europe 
as  the  delta  of  some  great  and  overflowing  river;  some 
ancient  Nile,  stretching  its  mighty  arms  into  tropical  regions : 
at  one  time  an  extensive  plain  of  the  most  luxuriant  vegeta- 
tion,— at  another  time  a  sea  of  waters.  But  I  hasten  to 
conclude,  lest  I  should  waste  that  time  in  hypothesis  which 
may  be  better  spent  in  practical  observation." 

With  this  humble,  but  philosophic  remark,  Mr.  Simpson 
terminates  his  communication ;  and  I  am  sure  it  would  be  as 
unwise  in  me,  as  it  would  be  unprofitable  to  you,  were  I  in 
continuation  to  allow  my  imagination  to  run,  as  it  might 
wish,  into  the  mazes  of  vague  hypothesis.  The  question  so 
ofien  agitated  by  the  master  minds  of  our  science,  is  yet 
unanswered.  Facts  apparently  most  contradictory  meet  us 
at  almost  every  step  we  take  in  the  same  Coal-field,  but 
especially  is  it  so  when  we  pass  from  one  Coal-field  into 
another.^  Of  this  the  Halifax  Coal-field  affords  an  instance. 
In  it  there  have  not  as  yet  been  discovered  any  of  those 
Coprolitic  remains  which  characterize  the  Wakefield  series ; 
nevertheless,  we  are  led  from  its  examination  to  similar  con- 
clusions with  respect  to  the  former  existence  of  periods  of 
repose  and  periods  of  agitation,  as  Mr.  Simpson  alludes  to 
in  his  Paper  just  read.  At  one  time  we  find  the  crushed 
and  broken  up  fragmentary  remains  of  large  arborescent 
trees ;  at  another  time  we  meet  with  the  most  delicate  forms 
of  vegetable  life,  almost  as  unruffled  as  if  they  had  but 
yesterday  been  placed  between  the  leaves  of  a  botanist's 
herbarium. 

But  further,  with  regard  to  alternation  of  deposition,  we 
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find  in  &e  Halifax  formation,  as  complete  a  change  £ram 
marine  to  fresh  water  fosBila  in  the  same  pit,  as  could  pos^ 
sibly  be  presented  to  ns.  At  one  time  we  diacorer  a 
conglomeration  of  marine  remains,  as  of  Gooiatites,  Nautili, 
Orthocerae,  Pectens,  and  perhaps  Belemnites,  whilst  a  little 
lower  down  in  the  same  series,  we  come  upon  a  whole  stratum 
of  fresh  water  muscles,  and  these  in  such  a  perfect  state  of 
preservation,  as  to  lead  us  to  the  inference  that  they  were 
there  embedded  during  a  period  of  considerable  tranquillity. 

The  discovery  of  these  unios  superimposing  the  lower,  or 
soft  bed,  and  the  well  known  position  of  die  marine  animal 
remains  in  those  singular  concretions,  called  by  the  miners 
<^  Baum  pots,"  immediately  above  the  hard  bed  of  coal,  which 
is  five  and  twentj  yards  above  the  former  bed ; — ^the  abim- 
dance  of  sulphur  and  iron  in  combination  in  the  nodulea, 
popularly  known  by  the  name  of  ^^  Brass  lumps,''  interspersed 
largely  throughout  the  seam  of  hard-bed  coal,  which  is  2  fit. 
3  in.  in  thickness,  and  the  total  absence^  of  those  in  the  foot 
and  a  half  coal,  or  soft  bed ; — the  cessation  of  marine  animal 
remains  after  passing  in  descent  through  the  hard  bed,  the 
change  to  vegetable  impressions  alone,  and  then  the  extra- 
ordinary fact  of  a  stratum  of  unios  lying  beneath  all  these 
upon  the  soft  bed ; — and  lastly,  the  almost  ncm-foasiliferous 
nature  of  the  coarse  gritty  sandstone  upon  which  this  last 
bed  of  coal  rests,  and,  one  might  add,  the  total  absenoe  of 
fossils  in  the  lowest  sandstone,  or  millstone  grit,  which  sepa- 
rates the  next  and  last  seam  of  coal,  near  Reighley,  from  the 
limestone  shale; — ^these,  I  repeat,  are  facts  which  require 
much  consideration,  but  which  will  doubtless  eventually  tend 
to  throw  considerable  light  upon  this  ancient  formation ;  and 
I  hope,  at  some  future  day,  to  be  able  to  lay  before  you  some 
more  lengthened  remarks  upon  these  interesting  beds  of  coal 
at  Halifax. 

In  the  meantime,  permit  me  to  remind  you  that  the  forma- 
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tion  of  the  various  beds  of  ooal,  with  their  aocompanjiDg 
beds  of  sandstone  and  shale,  present  many  difficulties  which 
at  present  have  had  no  satisfactory  explanation,  and  it  is 
perhaps  only  by  numerous  minute  and  accurate  observations 
that  the  truth  can  be  fully  ascertained. 

That  many  individuals  engaged  in  mining  operations 
possess  much  valuable  information  respecting  the  Coal  Strata 
of  Yorkshire,  there  can  be  little  doubt ;  but  with  the  excep- 
tion of  two  or  three  short,  but  valuable  essays,  in  the  Trans- 
actions of  this  Society,  and  some  observations  in  the 
EneyclopiBdia  Metrapolitana^  I  know  of  no  other  published 
account  of  the  extensive  and  valuable  Coal  Formation  of 
Yorkshire.  Under  such  a  state  of  our  knowledge,  a  series 
of  short  observations  from  various  localities,  drawn  up 
according  to  some  stated  formula,  and  printed  in  the  Trans- 
actions of  this  Society,  would  be  of  the  highest  value. 


Mr.  Briggs  exhibited  and  explained  that  portion  of  the 
line  of  section,  comprehending  the  township  of  Thomhill 
and  the  hamlet  of  Netherton. 

Mr.  Holt  exhibited  and  explained  that  portion  of  the  line 
of  section,  comprehending  the  townships  of  Clifton  and 
Hartishead. 

Dr.  Inglis  exhibited  two  specimens  of  Nautili  from  the 
Halifax  coal  strata. 

The  thanks  of  the  Society  were  then  voted  to  the  following 
gentlemen  for  their  donations  to  the  Museum,  viz. ; — 

J.  Ingbam,  Esq.,  for  a  Collection  of  Coal  Fossils,  Calamites, 
Sigiilaria,  Stigmaria,  Fruits,  &c. 

W.  Bean,  Esq.,  Scarborough,  a  Collection  of  Oolitic  Fossils; 
twenty  specimens. 

Mr.  M.  Simpson,  remains  of  an  Icthyosaurus  and  other  Lias 
Fossils. 

The  thanks  of  the  meeting  were  then  voted  to  the  Chaur- 
man  for  his  able  conduct. 
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N.B.  Dr.  Inglis  subsequently  addressed  the  following 
letter  to  the  Secretary  : — 

Halifax,  March,  1844. 

My  dear  Sir, — I  regret  that,  from  various  causes,  I  shall 
not  be  able  to  attend  the  meeting  at  Sheffield,  on  Wednesday 
next,  but  in  my  absence,  may  I  request  you  to  present  to  the 
Society,  for  the  next  number  of  Transactions,  the  accompany- 
ing lithographs,  which  I  have  had  taken  from  an  interesting 
fossil  nautilus,  found  in  the  shale  of  the  upper  of  our  Halifax 
Coal  beds,  and  of  which  I  spoke  at  the  Huddersfield  meeting. 

I  have  sent,  also,  the  fossil  itself,  that  it  may  be  compared 
with  the  lithograph,  and  shall  feel  obliged  by  your  taking 
care  of  the  fossil,  as  it  is  the  property  of  the  Halifax  Literary 
and  Philosophical  Society,  after  whose  late  president  and 
founder  I  beg  to  name  it 

The  characteristic  features  of  the  fossil  may  be  enumerated 
as  follows : — 

N.  Rawsoni. — Discoid,  shell  thick  and  smooth ;  aperture, 
trapezoidal,  being  widest  at  its  inner  margin ;  volutions,  four 
or  five,  exposed ;  outer  whorl,  not  half  the  diameter  of  the 
shell ;  umbilicus  large ;  strioe  undulating,  bend  from  the 
aperture  on  the  back ;  sides  with  a  deep,  wide,  concave  chan* 
pel,  near  the  outer  margin  ;  edges  rounded;  back  with  a 
broad,  flat  groove  in  the  middle,  a  smaller  one  running  on 
either  side  of  this. 

The  siphuncle  is  very  near  the  back,  as  in  the  Ammonite, 
but  the  fossil  has  the  characteristic  septa  of  the  Nautilus. 

It  was  taken  from  the  Catherine  Slack  Coal  Beds,  which  lie 
on  the  Halifax  and  Bradford  old  road,  about  a  mile  and  a 
half  north  of  Halifax,  (proprietor,  Joseph  Stocks,  Esquire.) 
The  figures  a  c  b  give  a  good  view  of  the  deep  whorls, 
the  umbilicus,  the  grooves  upon  the  back,  and  the  aperture 
of  the  shell ;  and  the  figures  of  the  fragments  c  and  d  exhi- 
bit the  septa  and  the  dorsal  siphuncle. 

The  specimens  here  represented  are  the  only  fossils  of  this 
species  hitherto  discovered  in  this  neighbourhood,  and  I  am 
not  aware  of  their  having  been  described  elsewhere. 

J.  T.  Clay,  Esq.,  Rastrick.  JAMES  INGLIS. 
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PROCEEDINGS 

OP  THS 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 

AT   THS   TWCHTT-FIFTH   (^UABTBRLT  MBSTflTOy   HSLD  IN  THB 

CUTLEBS'  HALL,    SHEFnXLD^ 

ON   WBDNB8DAY9  TBS   6tH  or  XABCHy    1844* 


On  the  motion  of  Hsnbt  Bbiggs,  Esq.,  seconded  by 
Wm.  Lucas,  Esq., 

GsoRGB  C.  Holland,  Esq.,  M.D.,  was  ealled  to  the 
Chair. 

The  following  minntes  of  the  meetings  of  the  joint  Com* 
mittees  of  the  West  Riding  Geological  and  Polytechnic 
Society  and  the  Leeds  Philosophical  and  Literary  Society 
were  read: — 

'  '^  At  a  Meeting  of  the  joint  Sub- Committees  of  the  Leeds 
Philosophical  and  Literary  Society,  and  the  West  Riding 
Geological  and  Polytechnic  Society,  held  in  the  Philosophical 
Hall,  Leeds,  March  4th,  1844 ; 

Present, — J.  G.  Marshall,  Esq.,  in  the  Chair ; 
Messrs.  Briggs,  West,  Wilson,  Clay,  Nunneley,  Ward,  and 
T.  P.  Teale. 

"  The  minutes  of  former  meetings  were  read,  and  the 
rooms  having  been  inspected, 

"  It  was  Rbsolved, — *  That  the  room  now  occupied  as  the 
Antiquities  Room  be  appropriated  for  the  Museum  of  the  Geo- 
logical and  Polytechnic  Society,  except  that  the  mummy  shall 
m  its  present  situation. . 
p 
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**  <  That,  ID  order  to  meet  the  outlay  attendant  upon  the  removal 
of  the  specimens  from  the  Antiquities  Room,  and  providing  suit- 
able accommodation  for  them  elsewhere,  the  Geological  and  Poly- 
technic Society  shall  contribute  the  sum  of  fifteen  pounds  towards 
the  expense.  ^ 

**  <  That^  in  order  to  diminish  such  expenses,  a  temporary  inter- 
change of  such  cases  as  may  be  suitable  is  advised.'  ** 

It  was  moved  by  Mr.  Wilson,  and  seconded  by  Mr. 
Wallbn,  and  resolved  unanimously, — "  That  they  be  con- 
firmed." 

On  the  motion  of  the  Secretary,  Mr.  Joshua  Kayb,  of 
Huddersfield,  was  elected  a  Member  of  the  Society. 

Mr.  Charlbsworth  proposed,  and  Mr.  Briggs  seconded, 
a  vote  of  <<  Thanks  to  the  Master  Cutler  for  the  use  of  the 
Hall." 

Mr.  Chambers  proposed,  and  Mr.  Morton  seconded,  a 
vote  of  ^^  Thanks  to  the  Literary  and  Philosophical  Society 
of  Sheffield,  for  their  assistance  in  making  arrangements  for 
the  Meeting." 

Mr.  Wallbn  then  read  a  paper  entitled  ^^  An  Investigar- 
tion  of  the  Theories  as  to  the  origin  of  Gothic  or  Pointed 
Architecture."     (The  author  declines  to  publish  this  paper.) 

Mr.  Lucas  then  proceeded  to  read  a  paper  on  spontaneous 
decomposition  of  fat,  as  exemplified  in  the  remidns  of  candles 
found  in  mines  that  have  long  been  abandoned.  He  produced 
several  small  pieces  of  white  matter,  furnished  to  him  by  Mr. 
Lee,  which,  though  appearing  now  only  as  white  chalky 
substances,  were  believed  to  be  the  remains  of  candles, 
which  had  been  left  for  many  years  in  the  mines  where 
they  were  found.  He  showed  that  the  substances  burned 
easily.  He  then  proceeded  to  state  the  discoveries  of  a 
French  chemist,  as  to  the  component  parts  of  fat,  and  also 
referred  to  the  facts  brought  forward  by  Mr.  Beetz,  at  a 
meeting  of  the  Chemical  Society  of  London,  on  the  subject 
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of  similar  relics  to  those  he  now  produced.  He  then  went 
on  to  show  that  the  specimens  he  produced,  when  tested  by 
various  experiments,  were  found  to  correspond  with  Mr. 
Beetz's  experiments,  so  far  as  he  (Mr.  Lucas)  had  had  the 
opportunity  to  carry  them.  Two  of  the  pieces  were  found 
in  an  old  mine  near  Eyam^  where  they  were  believed  to 
have  been  from  40  to  50  years.  Another  piece,  however, 
was  changed  almost  completely  to  the  appearance  of  chalk, 
and  it  was  found  in  a  mine  where  it  must  have  been  for 
150  years.  All  appearance  of  a  wick  had  disappeared  in 
the  latter  piece.  Remnants  of  candles  from  the  wreck  of 
the  Royal  George  had  a  mineralised  appearance,  and  had 
no  remains  of  wick.  Mr.  Lucas  concluded  by  explaining 
the  theory  of  the  change,  which  he  compared  to  the  discovery 
of  dead  bodies  found  in  the  state  of  adiposea. 

Mr.  BiRAM  confirmed  the  statement  as  to  the  similarity 
of  those  fragments  to  a  portion  of  candle  from  the  wreck 
of  the  Royal  George^  which  was  in  his  possession. 

The  Chairman  thought  it  probable  that  the  wick  in  the 
more  completely  changed  portion  was  decayed. 

Mr.  Morton  was  inclined  to  think  that  the  vegetable 
wick,  if  it  were  decayed,  must  have  left  a  mark  of  carbon. 
He  proceeded  to  remark  on  the  fact  incidentally  noticed 
by  Mr.  Lucas,  that  butter  made  in  summer  contained  the 
greater  proportion  of  oleine,  and  m  winter  of  stearine. 
This  he  traced,  not  to  the  change  of  atmosphere,  but  of 
the  food  of  the  animals.  He  inferred,  from  the  analysb 
detailed  by  Mr.  Lucas,  that  the  stearine  candles,  in  which 
the  oleine  was  removed,  were  very  superior. 

Mr.  Lucas,  in  reference  to  the  feeding  of  cows,  referred 
to  the  statement  of  Professor  Playfair,  that  the  milk  of 
cows  grazed  out  of  doors  contained  casine,  the  principle  of 
cheese,  but  was  not  of  equal  advantage  for  butter.  The 
milk  of  cows  fed  in  the  house  did  not  so  well  produce  cheese. 

p  2 
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In  answer  to  Mr.  BRiaGS, 

Mr.  Lucas  said,  that  these  old  candles  were  found  in  lead 
mines;  and 

Mr.  Briqgs  inferred  that  they  must  have  been  exposed  to 
lime  water* 

After  a  little  farther  conversation,  a  vote  of  thanks  was 
passed  to  Mr.  Lucas,  and  another  to  the  Chairman,  and 
the  Meeting  adjourned  to  the  Evening  Sitting. 


At  the  Evening  Sitting,  a  paper  was  read 

ON   THE    FOSSIL   TREES    FOUND    STANDING   UPRIGHT    IN    THE 
COAL   MEASURES.      BY  B.  W.   BINNET,    ESQ. 

In  Uiis  paper,  which  was  long,  and  illustrated  by  nomerous 
drawings,  the  author  gave  descriptions  of  many  fossil  trees 
found  in  erect  positions  in  different  parts  of  the  carboni- 
ferous strata,  but  chiefly  in  the  ^^  roofs,"  (the  beds  immedi- 
ately above  the  seam  of  coal,)  nearly  all  of  which  he  referred 
to  the  genus  Sigillaria.  His  specimens  were  for  the  most 
part  from  the  Lancashire  Coal-field,  although  he  stated  that 
they  were  also  to  be  found  in  most  other  fields,  and  were 
well  known  to  miners  under  the  name  of  ^^  Pei-hoUs.'* 

He  then  alluded  to  the  Dixon  Fold  Trees,  found  in  cutting 
the  Manchester  and  Bolton  Railway,  so  well  described  by 
the  late  Mr.  Bowman,  and  brought  forward  by  that  able 
Geologist  as  positive  proofii  that  the  vegetable  matter,  forming 
the  beds  of  Coal  upon  which  they  stood,  had  grown  upon  the 
spot  were  it  was  now  found.  (See  vol.  1,  p.  112,  of  the 
Transactions  of  the  Manchester  Geological  Society.) 

He  next  fully  described  the  singular  genus  of  hitherto 
supposed  Coal  plants,  Stigmaria,  and  stated  that  he  had  found 
evidence  of  that  fossil  in  the  floors  (the  strata  on  whidi  the 
coals  rest)  in  all  the  seams  examined  by  him  in  the  Lanca- 
shire Coal*field,  amounting  to  near  100  in  number. 
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The  fossil  trees  found  in  a  quarry  at  St.  Helen's  were  then 
described,  as  exhibiting  the  stems  of  Sigillaria  absolutely 
united  to  the  roots  of  Stigmaria,  thus  first  proving  the 
identic  of  these  two  hitherto  supposed  different  plants. 
(See  Philosophical  Magazine  and  Transactions,  1844  and 
1845.) 

And  the  author  came  to  the  following  conclusions, 
namely: — That  plants  of  the  genus  Sigillaria  were  the 
chief  constituents  of  such  beds  of  Coal  as  those  in  which 
Stigmaria  was  found  in  the  floors.  That  such  vegetable 
matter  had  undoubtedly  been  grown  on  the  spots  where  it 
is  now  found,  and  not  drifted  from  a  distance.  And  lastly, 
that  each  seam  of  Coal  indicated  a  period  of  repose  of  the 
earth's  crust,  during  which  a  separate  marine  forest  of 
vegetation  grew,  in  the  successive  subsidences  of  the  area 
on  which  the  Coal  Measures  were  formed ;  the  sandy,  silty, 
and  argillaceous  strata  known  as  Coal  Measures,  having  been 
caused  chiefly  by  currents  of  water  produced  by  subsidences 
of  the  earth's  crust,  whilst  the  Coal  Seams  themselves  were 
formed  from  plants  grown  during  the  periods  of  repose  of 
such  crust 


Mr.  BiRAM  exhibited  and  explained  the  construction  of  an 
improved  Anemometer. 

The  Sbcrbtary  read  a  communication  from  Dr.  Inglis, 
explanatory  of  an  engraving  of  a  Fossil  Nautilus,  found 
near  HaUfax,  which  he  presented  to  the  Society,  and 
which  was  inserted  in  the  last  number  of  the  Transactions. 

Thanks  to  the  Authors  of  the  papers,  and  to  Mr.  Biram 
and  Dr.  Inglis,  were  voted. 
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GEOLOGICAL  &  POLYTECHNIC  SOCIETY 

AT   THE   TWBNTT-SIXTH  QUABTBBLY  MXBTIHOy  HBLD  IN  THB 

HAI4L  or  THE  PHIJL080PHICAL  AND  LITEBABY  80GIETT, 

IN   LEBD8, 

ON  WEDNB8DAT9  THE  10th  of  JVLT9  1844. 


On  the  motion  of  James  Garth  Marsh  all,  Esq.,  F.G.S., 
seconded  by  the  Rev.  Wm.  Thorp, 

The  Chair  was  taken  by  Williamt  West,  Esq.,  Vice- 
President. 

The  Secretary  moved,  and  Mr.  Thomas  Wilsok 
seconded,  the  election  of  Mr.  Thomas  Walker,  Leeds 
Borough  Surveyor,  as  a  Member  of  the  Society. 

Mr.  Hartop  moved,  and  the  Rev.  William  Thorp 
seconded,  a  resolution  ^^  That  the  thanks  of  the  Society 
be  given  to  the  Philosophical  and  Literary  Society  for  the 
use  of  their  Hall  at  this  time." 

The  Rev.  Wm.  Tuorp  read  a  paper  <<  Describing  some 
of  the  Principal  Faults  in  the  Yorkshire  Coal  Field." 
This  paper  will  be  printed  in  the  forthcoming  volume 
<<  On  the  Geology  of  the  Yorkshire  Coal  Field,''  by  the 
above  gendemaiu 
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The  foUowiog  letter  from  Mr.  Barker,  of  Whitehayen, 
regarding  the  performance  of  one  of  Mr.  Foumess's  Ma- 
chines for  Ventilating  Coal  Pits,  &c.,  was  read : — 

Whitehaven,  May  22nd,  1844. 
Mb.  WiLUAH  FouaNBSS.— Sir,— Your  machine  for  ventila- 
ting mines  having  heen  in  operation  upon  my  new  winning,  at 
Wyndham  Colliery,  near  this  town,  a  sufficient  length  of  time 
to  test  its  efficiency,  I  have  to  make  the  following  statement 
of  its  results : — The  mine,  before  the  machine  was  applied,  was 
ventilated  by  a  furnace  consuming  46  cwt  of  small  coal  in  24 
hours^  exhausting  5,700  cubic  feet  of  air  per  minute.  Since  the 
machine  has  been  applied,  our  ventilation  is  more  than  doubled, 
and,  as  the  machine  throws  off  13,600  cubic  feet  per  minute,  it  is 
our  fault  if  we  do  not  secure  that  quantity  of  air  through  the 
mine.  The  machine  is  driven  by  power  taken  from  our  pumping 
engine,  and,  by  careful  experiment,  I  have  found  the  additional 
consumption  of  small  coal  to  be  9  cwt.  per  12  hours.  This, 
therefore,  is  all  the  cost  of  working  the  machine.  I  have  to  add, 
that  I  am  gratified  with  the  performance  of  the  machine  in  every 
respect  The  Colliery  kept  me  in  continual  fear  of  an  accident 
before  erecting  the  machine ;  whereas  the  ventilation  is  so  much 
improved,  we  now  work  without  danger,  and  I  am  happy  to  bear 
this  testimony  in  its  favor. 

I  remain.  Sir,  ftc, 

RICHARD  BARKER. 


At  a  preceding  Meeting  of  the  Society,  Mr.  Hartop 
read  a  communication  from  Mr.  Fournbss,  describing  the 
eonstruetion  of  the  above  machine,  (for  which  a  patent 
was  obtained  November  16th,  1837,)  together  with  some 
remarks  ^*  On  the  Advantages  of  Mechanical  Force  over 
the  Power  of  Rarefaction  in  Ventilating  Mines  and  Build- 
ings,** as  exhibited  by  the  efficiency  of  his  apparatus,  of 
which  paper  the  following  is  an  abstract: — 

<<  The  machine  applied  at  the  Wyndham  Colliery  consists 
of  a  drum  made  of  sheet  iron,  one-eighth  of  an  inch  in  thick- 
ness ;  the  dimensions  are  five  feet  diameter,  and  27  inches 


Digitized  by  VjOOQ IC 


190 

broBd;  the  inlets  or  passages  for  sir  are  exactly  one-third 
of  its  diameters  the  interior  of  the  drum  oontiuns  six 
fanes,  ^tending  from  the  extreihe  diameter  of  the  inlet  to 
the  outer  circumference  of  the  drum;  one-third  of  the 
sp9ce  between  each  fane  is  left  open  for  the  ddivery  of  air ; 
the  remaining  two-thirds  are  closed  hj  a  plate,  called  a 
vacuum  plate,  which  prevents  the  atmosphere  from  lodging 
behind  the  fane.  This  machine  performs  230  revolutions  per 
minute,  is  fixed  over  a  Staple  Pit,  which  is  connected  with 
the  Back  Pit  or  Engine  Pit,  and  throws  off  exactly  the  same 
number  of  cubic  feet  at  every  revolution,  which  the  drum 
contains.  The  inlets  at  the  sides  consist  of  a  cast  iron  rim 
turned  true  on  the  face,  revolving  against  a  fast  face  of  iron, 
also  turned  true,  and  screwed  to  a  wood  pipe,  which  I  find 
answers  well  to  be  in  breadth  two^thirds  the  length,  con- 
sequently in  the  form  of  a  parallelogram ;  the  depth  of  this 
pipe  is  discretionary,  as  circumstances  require;  I  recommend 
six  feet  The  top  of  the  pipe  lifts  off,  to  admit  the  drum 
and  the  shaft  into  their  proper  place ;  the  plummer-blocks 
and  brasses  are  outside  of  the  pipes,  and  level  with  the 
parting  in  them.  By  constructing  a  machine  as  above  you 
need  no  case,  and  avoid  all  clearances  between  the  fan 
and  the  case, — a  very  great  evil  in  the  common  fan.  This 
machine  runs  without  noise." 

The  Author's  attention  was  first  called  to  the  subject  by 
the  Report  from  the  Select  Committee  of  the  House  of 
Commons  ^'  On  Accidents  in  Mbies^'^  which  recommended 
greater  care  and  caution  to  be  used  by  all  grades  of  indi-' 
viduals  engaged  in  mining  operations,  and  that  nothing 
could  be  done  which  could  be  more  effectual  than  the 
plans  they  had  brought  before  them ;  and  that  with  proper 
and  careful  use  of  the  Safety  Lamp,  the  painful  calamities 
they  had  to  investigate  would,  to  a  great  extent,  be  avoided. 
Mr.   Fourness,  however,  was  of  opinion  that  to  prevent 


Digitized  by  VjOOQ IC 


191 

exploeiong  from  carburetted  hydrogen  gas  (fire-damp)  in 
mines  altogether^  the  most  efficient  remedy  would  be  to  obtun 
a  more  powerful  ventilation  in  the  place  of  the  old  plan  of 
using  a  furnace,  or  cupola,  by  causing  a  larger  current  of  air 
to  pass  through  the  workings,  so  that  the  whole  of  the 
atmosphere  should  be  sufficiently  diluted  below  the  **  Firing 
Painty^  and  thus  the  materials  for  combustion  and  explpdion 
would  be  removed  or  rendered  harmless,  and  no  accidents 
occmr  from  that  cause.  With  this  view  he  constructed  a 
model  of  a  machine  to  effect  so  desirable  an  object,  in 
October,  1835.  Having  succeeded  thus  far,  he  says  <<  My 
next  business  was  to  look  out  for  a  well  which  was  sur- 
charged with  carbonic  acid  gas;  I  found  one  in  Balloon 
Street,  Brewery  Fidd,  Leeds.  I  applied  it  to  this  well, 
which  was  27  yards  deep,  and  four  feet  six  inches  in  diameter. 
The  model  cleared  this  well,  which  was  at  the  commence- 
ment entirely  filled  with  foul  air,  in  25  minutes*  A  few 
weeks  afterwards,  being  in  the  immediate  neighbourhood, 
I  was  called  upon  to  attend  without  loss  of  time,  as  there 
were  two  men  suffocating  in  the  well.  When  I  arrived,  I 
found  this  correct,  and  set  the  machine  to  work ;  the  men 
almost  immediately  recovered,  and  without  any  other  assist- 
ance came  out  of  the  well.  The  master  well-sinker  said  it 
was  certainly  a  most  capital  invention,  but  that  the  well- 
sinkers  could  not  encourage  it  I  asked  him  bis  reason, 
<  Well,*  he  replied,  *  you  have  deprived  me  of  the  profits 
of  my  men's  wages  for  one  day,  which  time  it  would  have 
taken  to  fix  the  bellows.' "  This  model  was  twelve  inches 
in  diameter  by  five  inches  broad,  and  eonld  be  carried  on 
the  shoulder  to  any  part  of  the  town,  and  applied  to  a 
well  in  one  minute.  Subsequently,  in  November,  1887, 
a  machine  of  larger  dimoisions,  five  feet  in  diameter  by 
two  feet  broad,  was  constructed  and  applied  to  a  pit  at 
Osmonddiorpe   Colliery,  near   Leeds,    in    connexion  with 
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which  was  a  Water-level^  which  had  been  set  on  fire  about 
18  months  previously  by  an  explosion  of  carburetted  hydrogen 
gas.  <<  This  place  was  immediately  cleared  of  all  the  smoke, 
sulphur,  &C.,  which  could  not  be  moved  by  the  power  of 
the  cupola ;"  thus  aflfbrding  additional  evidence  of  the  supe- 
riority of  Mechanical  Force  over  the  power  of  Rarefaction  in 
promoting  Ventilation,  an  increase  of  which,  as  the  Author 
observes,  would  invigorate  the  pitmen,  and  enable  them  to 
go  through  their  labour  with  greater  comfort ;  in  many  cases 
with  improved  health ;  and  the  general  working  of  the  mine  be 
greatly  facilitated.  ^<  The  present  velocity  with  which  wind 
travels  through  mines  is  at  the  rate  of  from  three  to  four  feet 
per  second.  This  velocity  suits  the  Safety  Lamp,  inasmuch 
as  a  wind  travelling  at  a  greater  speed  in  a  highly  explosive 
medium,  would  cause  the  flame  to  pass  the  gauze  of  the 
lamp,  and  explode  the  mine.  But  were  the  current  of  air 
to  be  increased  to  double  that  velocity,  there  would  be  no 
necessity  for  the  Safety  Lamp  at  all." 

In  discussing  the  relative  consumption  of  fuel,  and  the 
results  to  be  obtained  by  his  method  of  Ventilation  and 
that  of  the  plan  in  general  use,  Mr.  Foumess  gives  the 
following  calculations  in  support  of  his  invention  being 
more  economical  and  e£Elcient 

<<  I  may  here  state  how  much  fuel  would  be  required 
for  a  fiimace,  either  at  the  top  or  bottom  of  the  shaft,  to 
exhaust  10,180  cubic  feet  of  air  per  minute.  The  answer 
is  46  cwt  of  good  coal  in  24  hours,  or  rather  better  than 
4^  lbs.  of  coal  per  minute;  according  to  the  rules  for 
ascertuning  the  quantity  of  fuel  required  for  an  ordinary 
mine,  say  the  depth  of  upcast  200  yards,  as  the  length  of 
shaft  is  not  of  so  great  importance  for  ventilation,  when 
reaching  above  60  or  70  yards;  making  a  difference  of 
2^  lbs.  of  coal  per  minute,  or  36  cwt  per  24  hours,  for  it 
appears  plain  that  10  cwt.  of  good  coal,  (where  mechanical 
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force  is  used,)  will  cause  as  good  a  ventilation  as  46  cwt  will 
do  when  consumed  at  a  fiimace.  I  take  the  above  200 
yards  as  the  average  depth  of  mines  generally. 

**  I  might  here  observe,  that  where  a  fire  is  used  in  the 
bottom  of  a  shaft,  the  temperature  in  the  upcast  decreases 
as  the  square  of  the  (Ustance  from  the  fire.  Therefore,  I 
should  not  say  that  a  deep  mine  is  more  difficult  to  ventilate 
than  one  of  60  or  70  yards.  Suppose  a  furnace  consumes 
18  cwt.  of  coal  in  24  hours,  and  exhausts  212  cubic  yards 
of  air  per  minute,  if  I  wish  to  ascertain  how  much  fiiel  it 
would  require  to  exhaust  double  the  quantity  of  air  in  the 
same  given  time  ?  The  following  rule  will  give  the  answer: — 
The  required  quantity  being  424,  it  must  be  cubed  and 
multiplied  by  18,  the  quantity  of  fuel  known  for  212  cubic 
yards.  The  product  of  the  larger  number  must  be  divided 
by  the  lesser,  which  gives  a  quotient  of  144 ;  when  divided 
by  2,  the  square  of  the  increased  quantity  equals  72  cwt. 
for  24  hours.  If  we  are  desirous  of  knowing  how  much  ur 
80  cwt  of  good  coal  will  cause  to  pass  through  a  mine  per 
nunute,  half  the  square  root  of  80  gives  the  answer,  allowing 
the  two  first  decimals  in  the  root  to  be  primes;  the  quotient 
is  447  cubic  yards  of  air  per  minute.  This  question  may 
also  be  answered  thus: — Suppose  air  travels  at  the  rate 
of  five  miles  per  hour  through  the  workings  of  a  mine,  every 
object  this  air  comes  in  contact  with,  it  strikes  with  a  given 
force  equal  to  0.123  of  a  pound  on  the  square  foot;  but  if 
caused  to  travel  ten  miles  per  hour,  it  will  strike  with  four 
times  the  force,  viz.,  0.492  of  a  pound  on  the  square  foot 
Therefore,  if  wind  is  required  to  travel  at  double  the  velocity 
through  mines,  there  must  be  four  times  the  quantity  of  fuel 
used  to  produce  the  force  above  specified.  Allowing  these 
observations  to  be  correct,  many  evils  would  arise  from  the 
use  of  such  extensive  fires,  such  as  destruction  of  the  sides 
of  the  upcast  shafts  ropes,  guide  rods,  and,  indeed,  all  sub- 
stances that  come  within  the  limits  of  its  power. 
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^<  The  dimensions  of  an  ordinary  fama/ce  are  7  feet  long 
and  5  feet  wide  on  the  grate  bar&  If  four  times  the  fuel  were 
required  to  be  consumed  in  the  same  time,  (as  is  generally 
used,)  the  grate  bars  must  be  four  times  the  area,  that  is, 
14  feet  long,  by  10  feet  broad.  I  am  of  opinion  a  greater 
evil  would  arise  from  the  use  of  this  furnace  than  what  is 
generally  anticipated.  Bicarburetted  hydrogen,  or  what  is 
commonly  termed  <fire  damp,'  reaches  the  explosiYe  point 
at  a  temperature  of  500"  or  560"*  Fahrenheit;  and  having  a 
surface  of  fire  equal  to  double  the  length  to  pass  over,  must 
reach  to  a  sufficient  temperature  for  combination,  and  will 
instantly  take  fire." 
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PROCEEDINGS 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
^  tie  WUfMnainq  of  9nxtMUvt, 

AT   THE   SIXTH  ANNUAL  MEETING,   HELD   IN   THE   HALL  OF  THE 

mechanics'  INSTITUTE,  AT  WAKEFIELD,  ON  WEDNESDAY, 

THE   18th  DECEMBEB,  1844. 


Henry  Briggs,  Esq.,  was  called  to  the  Chair,  and 
opened  the  meeting  with  a  few  rery  appropriate  remarks, 
in  which  he  expressed  an  earnest  hope  that  the  public  might 
by  some  means  be  induced  to  take  more  interest  in  the 
proceedings  of  this  Society.  He  feared  some  misappre- 
hension existed  as  to  the  objects  and  nature  of  the  Society. 
It  was  not  only  a  Qeological  one,  but  also  Polytechnic 
Thb  was  a  comprehensive  title — anything  useful  to  man- 
kind, every  improvement  in  machinery,  manufactures,  and 
agriculture.  Now  that  such  a  spirit  exists  for  railroads, 
nothing  better  could  be  in  existence  than  a  Society  of  this 
land,  to  render  the  transit  of  passengers  and  goods  as  safe 
as  possible.  A  little  more  exertion  on  the  part  of  the 
members  might  widen  the  sphere  of  the  Society  consider- 
ably. He  (the  Chairman)  hoped  to  see  greater  interest 
manifested  in  the  proceedings.  Many  members  might 
imagine  that  it  was  very  difficult  to  produce  a  paper  to 
read  at  the  meetings.  He  (the  Chairman)  never  promised 
to  produce  a  paper,  for  he  was  always  at  a  loss  how  to 
commence;  but  when  he   once  sat  down,  he  then  could 
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proceed  onward  without  difficulty;  one  thought  begot 
another,  and  it  was  almost  as  difficult  to  stop.  Discus- 
sions were  always,  in  hb  opinion,  advantageous ;  and,  by 
the  production  of  a  moderately  written  paper,  a  discussion 
might  be  produced  which  would  benefit  every  one  present 
He  hoped  to  see  the  Society  rise  agsdn  with  greater  vigour, 
and  be  a  honour  to  the  county. 

Mr.  Clat,  the  Honorary  Secretary,  read  the  following 
Report  of  the  Proceedings  of  the  Society  for  the  past 
year: — 

REPORT  OF  THB  COUNCIL  OF  THB  OEOLOGICAL  AND 
POLYTECHNIC  SOCIETY  OF  THE  WEST- RIDING  OF 
YORKSHIRE,  PRESENTED  AT  THE  SIXTH  ANNUAL 
MEETING,     ON    THB     18tH    OF    DECBMBBR,     1844. 

In  rendering  to  the  Members  of  the  Geological  and  Poly- 
technic Society  a  statement  of  the  proceedings  of  the  past 
year,  the  Council  have  to  report  that  the  Quarterly  Meetings, 
with  one  exception,  have  been  held  with  regularity,  and  that 
many  valuable  communications  have  been  made, — some, 
illustrations  of  the  particular  Geology  of  the  county,  and 
others  embracing  subjects  of  more  general  application. 

The  following  Papers  have  been  read : — 

At  the  Annual  Meeting  in  Wakefield,  Sbptbmbbr,  1843 — 

'<  On  a  remarkable  case  of  the  action  of  Spring  Water  on 

Lead,*"  by  William  West,  Esq.,  of  Leeds. 
<<  On  the  action  of  the  Atmospheric  Railway,  between  Kingston 

and  Dalkey,"  by  William  Lucas,  Esq.,  of  Sheffield. 
<•  On  Ventilation,**  by  Henry  Hartop,  Esq. 

At  the  Meeting  at  Huddersfield,  Dbcbmbbr  6tii,  1843 — 

^*  Observations  on  the  Discovery  of  Coprolites  in  the  Stanley 
Shale  and  Flookton  Stone,  or  Fish  Coal,**  by  Mr.  M. 
Simpson,  of  Whitby. 
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«' Description  of  a  New  Species  of  Nautilus  (N.  Rawsoni) 
from  the  Halifax  Coal  Field,**  by  Dr.  Inglis. 

**  On  Industrial  Farms  and  Cottage  AUotmentSy*'  by  J.  NowelU 
Esq.,  of  Famley  Tyas.* 

At  the  Meeting  in  Sheffield,  March  6th,  1844— 

<<  An  Investigation  of  the  Theories  as  to  the  Origin  of  Gothic 
or  Pointed  Architecture/'  by  William  Wallen,  Esq., 
F.S.A, 

<<  On  the  Fossil  Trees  found  standing  upright  in  the  Coal 
Measures,**  by  £.  W.  Binney,  Esq. 

"  On  the  Spontaneous  Decomposition  of  Fat,  as  exemplified  in 
the  Remains  of  Candles  found  in  Mines  that  have  long  been 
abandoned,'*  by  Wm.  Lucas,  Esq.,  of  Sheffield. 

At  the  Meeting  in  Leeds,  July,  1844 — 

'<  On  some  of  the  Principal  Faults  in  the  Yorkshire  Coal  Field,** 

by  the  Rev.  Wm.  Thorp. 
A   Letter  from   Mr.   Barker,  of  Whitehaven,    regarding  the 

Efficiency  of  Air.  Fourness's  Ventilating  Machine. 

In  addition  to  the  following  Papers,  several  portions  of 
the  Line  of  Section  have  been  presented  to  the  Meeting  by 
W.  S.  Hall,  H.  Hall,  and  H.  Briggs,  Esqrs.  The  Council 
regret  that  they  cannot  report  the  final  completion  of  this 
undertaking ;  but  as  Qnly  a  small  portion  remains  unexecuted, 
it  b  expected  that  the  next  Report  will  announce  the  termi- 
nation of  the  labours  of  this  Committee. 

In  reviewing  the  names  of  the  contributors  of  Papers,  it 
is  obvious  that  the  labourers  are  few  in  comparison  with  the 
number  of  Members  whose  talents  and  acquirements  would 
render  their  assistance  highly  desirable ;  and  if  others  who 
possess  ample  means  for  increasing  the  efficiency  of  the 
Society,  would  make  the  results  of  their  observations  known 

*  Thif  Eitty  hai  since  been  printed  and  paaeed  through  two  editioni. 
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through  the  medium  of  our  Meetings,  the  scientific  investiga- 
tion of  this  district,  which  is  second  in  importance  to  none 
in  the  kingdom,  would  be  greatly  advanced.  The  probability 
of  this  county  becoming  the  scene  of  extensive  railway 
operation,  renders  the  proceedings  of  the  Society  for  some 
years  of  great  interest.  Such  a  £3ivoura|}le  opportunity  for 
examining  the  structure  of  this  district  may  probably  never 
again  occur ;  and  if  the  facilities  which  will  be  afforded  be 
properly  cultivated,  a  mass  of  information  of  the  greatest 
practical  importance  may  be  collected.  The  Council 
especially  recommend  this  subject  to  the  attention  of  the 
Members  generally,  and  more  particularly  of  those  gentle- 
men whose  engagements  render  them  familiar  with  the 
projected  works. 

In  accordance  with  the  notice  laid  on  the  table  at  the  last 
Annual  Meeting,  the  Council  took  the  needful  steps  for 
carrying  out  the  arrangements  for  the  proposed  removal 
of  the  Museum ;  and  they  have  now  to  report  that  the 
specimens  have  been  placed  in  a  separate  apartment  in 
the  Hall  of  the  Philosophical  and  Literary  Society  of 
Leeds ;  and  it  is  hoped  that  the  opportunity  of  studying 
the  peculiar  fossils  of  our  own  coal  field,  in  connection 
with  the  more  general  collection,  to  which  our  members 
have  free  access,  will  tend  to  the  cultivation  of  Geological 
science,  and  increase  the  interest  felt  in  this  Society. 

The  British  Association  for  the  Advancement  of  Science 
having  met  at  York  at  the  period  generally  appointed  for 
our  anniversary,  it  was  considered  (after  much  deliberation, 
and  with  the  full  concurrence  of  the  President)  to  be  most 
expedient  to  postpone  the  Annual  Meeting  till  this  time. 
It  will,  therefore,  be  needful  to  proceed  to  the  appointment 
of  officers  for  the  ensuing  year,  and  to  the  consideration 
of  the  financial  position  of  the  Society. 
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STATEMENT  OP  THE  RECEIPTS  AND  EXPENDITURE, 
From  September  25Cb,  1843,  to  September  25th,  1844. 
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The  foUowing  gentlemen  were  then  declamd  duly  eled;ed 
to  be  the  Officers  of  the  Society :_ 

9rf0f)retit. 
EARL  FITZWILLIAM,  P.Ra 


DcKc  09  NoaroLK. 

BaKL  of  EmKOBAJdL 

Earl  of  Dartmouth. 

LOBD  WHAftWCLtrPC. 
hoMD  StOVKTON. 

Viscount  Milton. 
VnworuNT  Howard. 
Hon.  W.  a  Lascslles,  M.P. 

How.  J.   S.  WORTLBY,  M.P. 

Sir  F.  L.  Wood,  Bart. 
Sir  W.  B.  Cookc,  Bart. 
Rev.  Dr.  Scoresby,  F.R.S. 

RBV.    8.    SSARP. 

Est.  T«  BARNB8. 


'Fto^VretOnmtt. 


T.  W.  BSAtKONT,  E8a. 
J.  S.  Stanhopx,  Esq. 
R.  O.  Gabcoigne,  Esq. 
O.  Lanb  Fox«  Esq. 
J.  W.  Childerb,  Esq.  M.P. 
E.  B.  Beaumont,  Esq. 

O.   WflNTWOttTH^  ESQr 

W.  Bennett  Martin,  Esq. 
C.  J.  Brandling,  Esq. 
J.  G.  Marshall,  Esq. 
MiCHAXL  Eluson,  Esq. 
T.  D.  Bland,  Jun.,  Esq. 
P.  D.  Cooke,  Esq. 
Wm.  Wbot,  Esq.  F.R.S. 


H.  Brigos. 
W*  T.  Hall. 
R  Hartop. 
J.  M.  Stansfeld. 


CoiUUtl. 
Charles  Morton. 
Gboroe  Wblch. 
TaoMAS  Wilson. 
W.  R.  H.  Johnstone. 


H.  Holt. 
R  OtARXSoir. 
J.  Westmorland. 
Charles  Locee. 


i&mttotff  onlr  Cteasttrer. 
Ret.  William  Thorp,  Womersley  Viesnge. 

Konomrs  (KTnTOtsni. 
T.  W.  Bmblbton  and  J.  G.  Marshall. 

Ben;.  Bibam  and  6.  W.  Chambers. 
Q 
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The  Rev.  Wm.  Thorp  then  read  the  following  paper : — 

ON  THB  CAUSES  OF  THE  DIFFERENT  RATES  OF  MORTALITY 
IN  SOME  OF  THB  MOST  POPULOUS  TOWNS  IN  THB 
WEST-RIDINO   OF    YORKSHIRE. 

It  is  highly  probable  that  if  any  general  diminution  of 
human  suffering  is  to  be  afforded  to  large  portions  of  man- 
kind, it  will  be  in  the  prevention  of  those  diseases  which 
destroy  great  numbers  of  the  human  race.* 

As  all  classes  of  men  have  the  same  organization  of  their 
bodies,  it  might  be  expected  that  they  would  live,  on  an 
average,  the  same  number  of  years;  but  as  this  is  not  the 
case,  it  becomes  a  most  important  subject  of  inquiry,  to 
determine  to  what  extent  life  is  shortened  under  the  more 
unfavourable  conditions  of  climate,  locality,  employment, 
diet,  &c.;  and  as  the  influence  of  these  various  circumstances 
can  only  be  efficiently  investigated  upon  the  spot  where  they 
are  found,  it  becomes  worthy  of  the  attention  of  a  local 
society  like  ours,  to  examine  the  causes  of  the  different 
rates  of  mortality  in  some  of  the  most  populous  towns  in 
the  West-Riding. 

Halifax  and  Huddersfield,  both  large  manufacturing  towns 
of  the  same  staple  article,  and  with  a  dense  population  of 
above  100,000  persons  in  each,  (t.  e.  in  the  Registrar- 
General's  districts),  have  exactly  the  same  rates  of  mortality. 
That  is,  taking  the  population  and  the  number  of  deaths  in 
each  district,  and  dividing  the  one  by  the  other,  the  rate  of 
mortality  in  each  is  2.1  per  cent,  per  annum,  or  1  in  48 
dying  for  the  three  years  past,  or  as  far  as  we  have  any 
authentic  information  from  registration.  These  towns, 
moreover,  are  extremely  healthy,  being  more  so  than  any 
of  the  large  towns  in  England,  with  the  exception  of 
Kidderminster.     They  are  even  more  healthy  than  the  rural 
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diBtricts  of  Doncaster  and  Thome,  and  of  Selby,  Goole, 
and  Pontefract  The  cause  why  Halifax  and  Huddersfield 
possess  similar  degrees  of  healthiness  is,  that  they  are  built 
npon  the  same  Geological  strata;  and  why  they  are  so 
exceedingly  healthy  is,  that  they  rest  upon  the  millstone 
grit,  which,  as  we  shall  see  in  the  sequel,  presents  conditions 
highly  favourable  to  longevity. 

Leeds  and  Sheffield,  both  jnanufacturing  towns  of  different 
staple  commodities,  the  one  of  flax  and  woollens,  the  other  of 
steel  and  iron, — ^the  one  containing  twice  the  amount  of 
population  to  the  other,  have  likewise  their  rates  of  mortality 
or  degrees  of  unhealthiness  for  the  same  three  years  exactly 
alike,  viz.,  2.7  per  cent  per  annum,  or  1  in  every  38  persons 
dying.  These  two  towns  are,  however,  exceedingly  un- 
healthy; and  supposing  their  population  to  be  equal  to 
that  of  Huddersfield  and  Halifax,  in  every  ten  years  17,430 
persons  more,  in  proportion,  would  be  destroyed  by  disease. 
The  reason  why  the  rates  of  mortality  are  alike  in  Leeds 
and  Sheffield  is,  because  they  are  built  upon  exactly  the  same 
strata,  which  are  continuous  from  one  place  to  the  other; 
and  why  they  are  so  extremely  unhealthy  is,  because  they 
are  located  upon  ^^  clays  and  hinds''  of  the  coal  formation, 
which  present  certain  conditions  prejudicial  to  health. 

The  districts  of  Wakefield  and  Barnsley,  in  like  manner, 
have  degrees  of  healthiness  or  rates  of  mortality  exactly 
alike,  these  being  intermediate  between  those  of  Huddersfield 
and  Halifax,  and  of  Leeds  and  Sheffield.  The  towns  of 
Wakefield  and  Barnsley  are  built  upon  the  same  rock  of  the 
coal  strata,  and  which  affords  sanatory  advantages  differing 
from  the  before-named  districts.  ^ 

That  the  healthiness  of  any  town  depends  directly  or 
indirectly  (coBteris  paribus)  upon  its  Geological  site,  is  plain, 
since  all  the  conditions  necessary  to  health,  as  ventilation, 
driunage,  the  supply  of  water,  pure  air,  &c.,  are  dependant 
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upon  the  dame  taxi^  Thu8»  indifectly^  where  godd  buildingv- 
Btohe  exists^  the  walla  of  houses  are  seldom  made  lesd  thao 
fifteen  inch^  thick;  and  when  thick  walls  are  made^  the 
rooms  of  the  houdes  are  made  larger  aldo,  and  are  placed, 
if  possible,  in  streets ;  and  hence  a  better  yentilatioDi  more 
light,  air,  &c.  A  town  built  upon  a  rock  posseiftses  alio  a 
natural  good  drainage,  arising  from  fissures  and  porosity  of 
the  substratum;  there  is  also  less  of  exhalation  and  of 
miasmata,  and,  therefore,  a  purer  air.  The  water  in  such 
oases  is  generally  not  only  purer  but  more  plentifuL  The 
millstone  grit  and  mountain  limestone  regions,  and  of  other 
Coarse  sandstones  and  of  the  oolites^  are  the  most  healthy 
districts;  while  those  of  clay  are  the  most  unhealthy;  and 
here  are  seen  small  inferior  houses — no  attention  to  the  site 
of  rooms,  houses,  or  streets,  imperfect  sewerage,  malaria, 
and  all  its  effects.  The  new  red  sandstone  and  magneaian 
limestone  hold  an  intertnediate  station  between  the  two,  the 
former  having  a  very  imperfect,  and  in  many  places  no 
building  material  except  the  maii  seams;  yet  the  new  red 
sandstone  has  good  natural  drainage,  while  the  limestotie 
makes  inferior  houses,  and  the  water  upon  it  is  scanty  and 
not  yery  pure.  Thus  Bradford,  with  a  dense  population,  is 
more  healthy  than  Leeds,  haying  a  rate  of  mortality  of  1  in 
43  dying  annually,  while  in  Leeds  1  in  38  die;  and  this 
because  one^half  of  Bradford  is  built  Upon  the  flagstone  rock, 
forty«-fiye  yards  thick  Newoa8tie>->upon*-T3me  stands  upon 
the  days  of  the  coal  measures,  and  has  a  rate  of  mortality 
higher  than  Leeds,  vijs.,  1  in  34 ;  but  the  millstone  grit  and 
mountain  limestone  districts  of  Olendale^  Bellingham,  and 
Haltwhistle,  about  fifteen  miles  west  of  Newcastle,  are  juit 
itciee  as  heaUhy  as  Newcastle,  their  rates  being  1  in  68. 

Hull,  standing  upon  clay,  and  built  of  Ixioks  made  from 
it,  has  a  rate  so  high  as  1  in  34,  being  the  same  as  Newcastle. 
Cambridge^  for  the  same  reason^  is  as  high  as  1  in  37* 
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York,  for  the  same,  as  high  as  1  in  46.  Liverpool,  the 
most  unhealthy  town  in  England,  has  no  buildmg  stone; 
hence  60,000  people  live  in  cellars,  and  its  rate  is  as  high  as 
1  in  29.  Manchester,  chiefly  for  the  same  reason,  although 
it  has  not  the  same  amount  of  cellar  population,  is  1  in  33 ; 
and  in  Salford  1  in  36.  The  oolite  regions  of  Easingwold^ 
Helmsley,  Pickering,  Malton,  &a,  stand  as  low  as  1  in  SS, 
and  are  more  healthy  than  Halifiax  and  Huddersfield. 

In  these  calculations  it  is  to  be  remembered  that  under  the 
very  best  sanatory  regulations,  in  the  most  healthy  locality, 
and  with  every  wish  gratified,  a  certain  number  of  deaths 
from  disease  take  place  at  all  a^es.  It  is  a  law  of  nature ; 
and  although,  by  ameliorating  the  health  and  by  diminishing 
the  sufferings  of  the  people,  this  number  has  been  and  will  be 
diminished, — ^yet  the  same  law,  with  modifications,  will  ever 
exist  According  to  information  we  possess,  the  expectation 
of  life  is  as  follows : — 

Suppose  100,000  children  were  born  upon  any  day — 
74,201  would  be  alive  at    5  years  old. 


70,612 

ditto 

10 

do. 

68,627 

(Utto 

15 

do. 

66,059 

ditto 

20 

do. 

60,332 

ditto 

30 

do. 

50,301 

ditto 

45 

do. 

Hence  the  probable  duration  of  life  in  England  is  46^ 
years,  for  it  is  the  time  in  which  the  number  bom  is  reduced 
on&-half.  In  Halley's  words,  it  is  *^  an  even  wager"  that  a 
child  will  live  45^  years. 


37,996  would  be  alive  at 

60 

vears  old. 

24,531 

ditto 

70 

do. 

9,398 

ditto 

80 

do. 

1,140 

ditto 

90 

do. 

16 

ditto 

100 

do. 

1  ditto  105      do. 

See  Report  of  Registrar-General  for  1843,  p.  23. 
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There  is,  therefore,  a  double  inquiry.  Why  are  the 
degrees  of  healthiness  respectively  of  some  of  these  towns 
so  nearly  alike,  or,  in  fact,  identical?  and  why  agiun  do 
those  of  others  so  remarkably  difier  ?  There  must  be,  there- 
fore, some  general  causes,  independent  of  occupations,  density 
of  population,  poverty  of  the  district,  Ac,  which  exercise  so 
material  an  influence  over  the  duration  of  life ;  and  it  will  be 
found  that  the  different  physical  conditions  of  the  inhabitants 
of  each  town,  depending  chiefly  upon  Geological  influenoes, 
are  such  as  either  generate  or  make  more  fatal  those  peculiar 
diseases  by  which  the  excess  of  mortality  is  occasioned. 

Before  being  able  to  show  how  the  Greological  site  of  these 
towns  modifies  the  duration  of  the  life  of  their  inhabitants, 
and  in  order  to  derive  all  the  advantages  from  the  Registrar's 
Reports  afaready  published,  it  will  be  necessary  to  collect 
and  compare  the  population,  the  number  of  deaths,  and  the 
peculiar  diseases  by  which  the  mortality  in  each  town  is 
occasioned. 

As  Leeds  and  Sheffield  have  the  same  rates  of  mortality, 
the  same  Geological  site,  and  occupy  the  extreme  point  of 
unhealthiness ;  while,  on  the  other  hand,  Halifax  and  Hud- 
dersfield  have  a  Geological  locality  identical  with  each  other, 
but  differing  from  Leeds  and  Sheffield,  and  are  exceedingly 
healthy  towns,  the  population,  deaths,  and  diseases  of  the 
former  towns  must  be  compared  with  those  of  the  latter  towns. 

There  is,  however,  considerable  difficulty  in  comparing 
the  diseases  and  the  deaths  of  Leeds  and  Sheffield  with 
those  of  Halifax  and  Huddersfield,  on  account  of  the  greater 
population  of  the  two  former  towns ;  and  there  is  left  only 
the  choice  of  making  a  proportion  between  the  deaths  and 
population  of  the  one,  and  calculating  for  the  others,  or  to 
add  some  smaller  town  whose  population  will  bring  Halifax 
and  Huddersfield  to  a  standard  with  Leeds  and  Sheffield* 
Both  of  these  modes,  however,  have  been  adopted  in  the 
following  Paper. 
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The  population  of  the  poor-law  diatricts  of  Halifax  and 
Haddersfield  is  216,315,  while  that  of  Leeds  and  Sheffield 
is  253,743 ;  and  by  adding  the  district  of  Wakefield,  with 
a  population  of  45,648,  the  population  of  Halifax,  Hudders- 
field,  and  Wakefield  amounts  to  261,963,  or  8,220  more 
persons  than  in  Leeds  and  Sheffield ;  and  consequently  the 
comparison  is  greatly  to  the  disadvantage  of  Halifax  and 
Huddersfield,  not  only  by  this  additional  number  of  popula- 
tion, but  its  being  added  from  the  rather  more  unhealthy 
district  of  Wakefield. 

The  number  of  deaths  in  Leeds  and  Sheffield  during  the 
years  1841,  1840,  1839,  and  1838,  were  27,299;  in  Hud- 
dersfield  and  Halifax  during  the  same  years  they  were 
17,331.  Making  allowance  for  the  difference  of  population 
between  the  places,  1,743  more  deaths  occur  annually  in 
Leeds  and  Sheffield.  Or  by  adding  Wakefield,  which  makes 
8,220  more  people,  there  remain  1,398  more  deaths;  i.  e. 
there  are  more  deaths  by  1,398  in  Leeds  and  Sheffield  than 
in  Halifax,  Huddersfield,  and  Wakefield,  with  8,220  additional 
population. 

Let  us  now  examine  by  what  particular  diseases  thb  extra 
mortality  in  Leeds  and  Sheffield  is  occasioned.  The  diseases 
of  childhood  claim  the  first  attention.  Li  Sheffield  and 
Leeds  yery  nearly  one-half  of  the  deaths  are  of  children 
before  the  age  of  five  years — ^the  numbers  in  1841  being 
3,151  out  of  6,582  deaths;  in  1840,  3,306  out  of  6,898 
deaths.  Again,  in  these  towns  one-half  of  those  who  die 
under  five  years  do  not  attain  the  age  of  one  year,  the 
numbers  being  in  1841,  1,691  out  of  3,151,  (or  17  to  32 
nearly);  and  in  1840,  1,736  to  3,306.  In  Halifiax,  Hud- 
dersfield, and  Wakefield  the  number  of  deaths  under  five 
years  of  age  are  a  little,  but  not  very  much,  fewer  in  pro- 
portion, being  in  1841,  2,312  out  of  5,282  deaths,  (23  to 
53);  and  in  1840,  2,621  to  5,868  deaths,  (26  to  58),  and 
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quite  as  many  die  in  these  latter  places,  in  proportion,  before 
attaining  the  age  of  one  year. 

The  diseases  by  tohicA  this  prodigious  number  of  children 
are  annually  destroyed  are  chiefly  convulsions,  scarlatina, 
small-pox,  hydrocephalus,  teething,  faoopinguoough,  measles, 
croup,  tabes  mesenterica,  and  worms.  In  the  wh<de  of 
these  Yorkshire  towns  during  the  four  years  of  1841,  1840, 
1839,  and  1838,  there  died  15,005  children  under  fire  years 
of  age,  of  these  diseases.  In  Leeds  and  Sheffield,  8,640 ; 
and  in  Halifax,  Huddersfield,  and  Wakefield,  6,365,  leaving 
in  favour  of  the  three  latter  places  2,275,  or  about  570  per 
annum.  There  are  also  a  small  number  destroyed  by  re- 
mittent fev^,  pneumonia,  diarrhosa,  and  thrush,  not  included 
in  the  ^numeration.  During  these  four  years,  scarlatina  was 
at  least  twice  as  fatal  every  year  m  Leeds  and  Sheffield  as  in 
the  other  three  places ;  and  in  1838,  small-pox  carried  off  in 
Leeds  and  Sheffield  four  times  as  many  ;  while  convulsions 
and  hydrocephalus  (water  in  the  head)  destroyed  6,880  (say 
7,000)  out  of  15,000  during  the  same  period,  and  these  two 
latter  diseases  (convulsions  and  hydrocephalus)  were  quite  as 
fatal  in  Huddersfield,  Halifax,  and  Wakefield,  as  in  Leeds 
and  Sheffield.  They  are,  no  doubt,  increased  by  the  enor- 
mous quantity  of  soothing  syrups  and  cordials,  containing 
poisonous  doses  of  opiates.  In  Ashton-under-Lyne,  seven 
gallons  per  week  are  sold,  under  the  names  of  **  Godfrey,** 
«*  Dalby,"  "  Soothing  Syrup,"  •«  Peace,'*  &c. 

Consumption^  or  Phthisis^  hurries  off,  in  the  manufacturing 
towns  of  Yorkshire,  more  adults  than  any  other  complaint ; 
and  the  regularity  with  which  she  marks  out  her  victims  in 
each  year  is  very  remarkable.  In  Halifax,  Huddersfield, 
and  Wakefield,  beginning  with  the  year  1841,  and  going 
backwards,  the  numbers  in  each  year  are  990,  944,  940, 
and  910;  for  Sheffield  and  Leeds,  during  the  same  years, 
1,083,  1,198,  1,130,  and  1,223.      The  total  difference  in 
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the  healthy  districts,  during  the  four  years,  was  850,  or 
about  212  annually;  and  this,  it  is  to  be  remembered,  with 
the  additional  population  of  8,220.  The  whole  number  of 
deaths  from  consumption,  in  all  the  towns  compared,  are, 
during  four  years,  8,418,  or  about  2,000  a  year.  It  is  to 
be  remarked  that  consumption  depopulates  these  districts, 
not  of  the  old  and  very  young,  but  of  those  in  the  flower 
of  life — the  fathers  and  mothers  of  families  ^--and  hence 
bringing  in  her  train  misery  and  destitution.  The  greatest 
number  of  deaths  from  this  disease  taking  place  between 
the  ages  of  20  and  30 ;  the  next  between  30  and  40,  and 
the  last  between  40  and  60.  In  Leeds  and  Sheffield, 
nearly  one-third  of  the  deaths  of  adults  is  from  consump- 
tion, (t.  e.  in  1841  and  1840,  the  only  years  for  which 
children  are  registered,  and  therefore  we  are  able  to  know 
the  ages,)  while  in  Halifax,  Huddersfidd,  and  Wakefield, 
they  constituted  about  one-fifth  of  the  deaths.  By  calcula- 
tion, the  deaths  in  Leeds  and  Sheffield  are,  in  proportion  for 
the  four  years,  more  than  those  of  Halifax  and  Huddersfield 
alone,  by  1,000,  or  about  260  a  year. 

In  comparing  Halifax  and  Huddersfield  with  each  other, 
it  is  seen  that  they  are  both  very  similarly  afiected  by  this 
disease.  In  1841  there  were  a  few  more  deaths  in  Hudr* 
dersfield ;  in  1840,  a  few  more  in  Halifax ;  and  in  1839 
and  1838  they  were  nearly  the  same  in  both  districts. 
Comparing  Sheffield  and  Leeds,  the  deaths  are  always 
more  in  proportion  in  the  former  than  in  the  latter  place, 
owing  to  consumption  being  excited  by  the  trade  of  grindr 
ing,  and  which  will  be  named  in  the  sequel 

Typhus  fever  is  another  terrible  scourger  of  the  human 
race.  In  the  five  Yorkshire  manufacturing  towns  compared, 
2,107  died  in  the  four  years,  being  about  one-fourth  of  those 
who  died  from  consumption,  and  about  one-twelfth  of  the 
whole  deaihs  of  adults.      The  number  of  deaths  by  typhus 
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convey,  however,  a  faint  idea  of  the  poverty  brought  upon 
whole  families  by  this  epidemic,  since,  for  every  death  there 
have  been  from  15  to  18  persons  afflicted,  and  consequently 
out  of  work  for  a  long  period,  and  requiring  several  months 
for  convalescence.  It  also  leaves  those  who  have  been  at- 
tacked predisposed  to  other  complaints ;  and  many  registered 
as  cases  of  pneumonia,  gastritis,  enteritis,  cephalitis,  and 
inflammation,  are  those  who  have  survived  the  original  com- 
plaint, and  been  carried  off  by  these  latter,  as  sequels  of  the 
primary  attacL  The  numbers  who  died  of  typhus  in  the  years 
1841,  1840,  1839,  and  1838,  were,  in  Leeds  and  Sheffield, 
281,  290,  257,  and  333,— total  1,181  cases.  In  Halifax, 
Huddersfield,  and  Wakefield,  they  were  254,  260,  215,  and 
197, — total  926 ;  the  difference  in  the  districts  compared 
being  only  64  per  annum.  These  numbers,  for  typhus,  may 
appear  small  in  comparison  with  phthisis,  but  the  fatality  of 
this  disease  is  as  great  in  these  districts,  in  comparison  with 
the  population,  as  in  the  metropolis ;  being  in  the  latter  in 
1841,  334  to  every  500,000  living,  while  more  than  500  died 
out  of  the  500,000  in  the  Yorkshire  towns  named.  It  appears, 
therefore,  that  there  is  more  typhus  fever  in  the  Yorkshire 
towns  than  in  London,  but  that  there  is  equally  as  much, 
or  very  nearly  so,  in  the  more  healthy  districts  of  Hud- 
dersfield and  Halifax,  as  in  Leeds  and  Sheffield, — a  medical 
fact  of  great  importance,  to  which  I  shall  again  refer. 

Pneunumiaj  and  other  inflammatory  diseases  of  the  lungs, 
are  prolific  sources  of  death.  During  the  years  1841,  1840, 
1839,  and  1838,  in  Leeds  and  Sheffield,  the  deaths  from 
pneumonia  were  nearly  twice  as  many  as  in  Wakefield^ 
Huddersfield,  and  Halifax,  even  with  8,220  additional 
population. 

The  few  deaths  from  other  chest  diseases,  as  laryngitis, 
quinsey,  bronchitis,  pleurisy,  hydrothorax,  asthma,  and  un- 
named diseases,  seem  to  be  about  equal  in  both  districts. 
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The  total  deaths  from  pneumonia  and  other  chest  diseases 
were,  during  these  four  years,  2,249  in  Leeds  and  Sheffield, 
and  1,237  in  Huddersfield,  Halifax,  and  Wakefield;  being 
303  annually  in  favour  of  the  latter  three  towns,  and  that 
with  the  extra  population  beforenamed 

L^amrnationg  of  the  brain  and  Tiervaus  system^  as  cephalitis, 
apoplexy,  paralysis,  tetanus,  chorea,  epilepsy,  insanity,  deli- 
rium tremens,  and  unnamed  diseases  of  the  brain,  are  slightly 
more  numerous  in  Leeds  and  Sheffield,  being  113  for  four 
years,  or  28  per  year,  more  namerons  than  the  same  diaeases 
in  Halifax,  Huddersfield,  and  Wakefield. 

Diseases  of  the  digestive  organs^  as  gastritis,  enteritis 
peritonitis,  ascites,  ulceration  of  the  bowels,  hernia,  colic, 
intussusception,  stricture,  hcematamesis,  disease  of  the  stom- 
ach, pancreas,  hepatitis,  jaundice,  chronic  disease  of  the  liver 
and  spleen,  are  as  near  as  possible  alike  in  both  of  the 
districts  compared;  being  for  the  four  years  991  in  Leeds 
and  Sheffield,  and  980  in  Halifax,  Huddersfield,  and  Wake- 
field. 

The  number  of  deaths  above  the  age  of  60  years  affords 
good  eridence  of  the  relative  salubrity  of  the  districts 
compared,  and  shows  that  more  old  persons  die  in  the  one 
class  of  localities  than  in  the  other.  The  numbers,  however, 
are  too  small  to  lay  much  stress  upon,  being  1,910  for  Leeds 
and  Sheffield,  and  2,085  for  Halifax,  Huddersfield,  and 
Wakefield,  (for  two  years,)  or  about  74  per  annum  dif- 
ference. 

The  whole  result,  then,  is  as  follows : — That  during  the 
years  1841,  1840,  1839,  and  1838,  (the  years  contdned 
in  the  Registrar-General's  Statistical  Accounts,)  there  have 
been  6,593  more  deaths  in  the  Leeds  and  Sheffield  districts 
than  in  those  of  Halifax,  Huddersfield,  and  Wakefield,  or 
1,398  deaths  per  year ;  that  2,275  of  these  were  children 
cut  off   in   Leeds  and    Sheffield  by  scarUUvna^  smaH-poxj 
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bydroetphaluSf  teetAmff^  hoopiang  caugh^  meades^  croup^  tabts 
and  warms;  those  destroyed  by  oonyulaions  being  nearly 
alike  in  number  in  both  districts.  That,  during  each  of 
these  years,  there  were  850  more  adyJU  who  died  from  cohf* 
sumption  in  Leeds  and  Sheffield,  255  of  typhus  feoer^ 
1,212  from  pnsumania  or  inflammation  of  the  lungs,  a  few 
(113)  from  diseases  of  the  brainy  while  the  deaths  from 
disease  of  the  digestioe  organs^  and  the  commlsians  of 
children,  are  nearly  the  same  in  number  in  both  districts. 
I  hare,  therefore,  to  account  for  the  more  numerous  deaths 
of  children  by  epidemics ;  those  of  adults  chiefly  from  con-' 
sumption  and  iaflarnmation  of  the  lungs ;  and  a  small  number 
from  typhus  fevsr  and  diseases  of  the  brain.  And  it  ought 
to  be  found  that  the  similarity  of  the  physical  condition  of 
the  people  of  Halifax  and  Huddersfield,  and  also  of  Leeds 
and  Sheflteld  on  the  one  hand,  and  the  dissimilarity  between 
the  two  former  and  the  two  latter  places  on  the  other,  will 
be  such,  if  correctly  ascertained,  as  will  represent  the  pre* 
disposing  causes  to  the  particular  diseases  by  which  the 
additional  mortality  is  produced,  and  which,  in  a  great 
measure,  will  be  found  to  depend  upon  the  respectire 
Geological  positions  of  these  districts. 

L  The  districts  of  Halifax  and  Huddersfield  stand  upon 
the  same  open,  friable,  fissured  millstone  grit  rocks,  and 
consequently  haye,  1st.  The  same  natural  drainage^  and 
this  very  much  superior  to  that  of  the  districts  of  Leeds 
and  Sheffield,  which  stand  chiefly  upon  strata  above  the 
flagstone,  and  which  in  both  localities  consist  of  clays  and 
binds  disintegrating  into  tenacious  wet  soils.  There  is 
abundant  proof  that  good  and  efficient  drainage  exercises 
a  material  influence  over  the  propagation  of  epidemics, 
and  that  the  difference  in  the  excellence  of  the  draining 
of  the  Halifax  and  Huddersfield  districts,  over  that  of  the 
Leeds  and  Sheffield,  would  be  sufficient  to  account  for  the 
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568  additional  yearly  deaths  by  scarlatina,  measles^  smalU 
pox*  &c. 

Dr.  Southwood  Smith,  Physician  to  the  Londcm  Fever 
Hospital,  says  to  the  Commissioners  appointed  by  Act  of 
Parliament,  to  inquire  into  the  sanatory  condition  of  the 
large  towns  in  England,  <^  That  the  children  of  the  nn^ 
<<  drained  districts  are  more  liable  than  the  children  of  the 
<*  higher  classes,  to  the  exanthematous  fevers  (u  e.  acute 
*<  fevers,  accompanied  by  a  rash  upon  the  skin,  as  scarl^ 
«  fever,  smalWpox,  measles*  &c.)  The  poisonous  condition 
^*  of  the  districts  in  which  they  spend  the  first  weeks, 
<*  months,  and  years  of  thdr  existence,  predisposes  them 
*^  to  these  dangerous  diseases,  and  renders  such  diseases 
"  fearfully  mortal.'* 

Dr.  Forbes,  in  the  British  and  Foreign  Review  for  October 
last,  says  (p.  51 1)  ^^  All  the  reports  made  to  the  Health  of 
Towns  Commission  show  that  bad  sewerage,  and  an  exoeesive 
number  of  deaths  among  children  under  five  years  of  age*  are 
coincident.  There  is  no  exception  to  thb  principle.  Glasgow, 
of  course,  is  no  exception;  in  1841  and  1842,  they  were  44 
and  49  per  cent.     In  Liverpool,  53  per  cent  die  at  this  age. 

We  may,  therefore,  conclude  that  the  superior  natural 
drainage  of  Halifax  and  Huddersfield,  as  well  as  of  the 
sandstone  district  of  Wakefield,  aids  and  assists  a  superior 
ventilation  of  houses,  in  affording  a  greater  immunity  to 
those  districts  from  these  epidemic  diseases  of  children. 
With  respect  to  typhus  fever^  it  does  not  appear  that  the 
snperior  natural  dridnage  exercises  any  veiy  great  power  in 
checking  the  ravages  of  this  dire  disease,  for  ih&te  is  very 
nearly  as  much  (the  difference  being  only  64  persons  per 
annum)  typhus  in  the  districts  of  Halifax,  Huddersfield,  and 
Wakefield,  as  in  Leeds  and  Sheffield,  and  considerably  more 
in  every  erne  of  these  places  than  in  London.  Medical  men, 
however,  are  )iot  agreed  of  what  the  predi8|H»sing  canses 
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of  typhus  really  consist ;  some  attributing  them  to  want 
of  draining,  bad  ventilation,  and  the  accumulation  of  filth, 
in  a  word,  to  malaria;  while  others  again  deny  their 
influence.  Of  the  former  are  Dr.  Southwood  Smith  and 
the  other  medical  men  examined  by  the  Commissioners ; 
while  of  the  latter  are  Dn  Graves,  of  Dublin,  Professor 
Alison,  and  Dr.  Watts,  of  Glasgow.  And  certwnly  the  fact 
that  in  the  well-ventilated,  drained,  and  airy  districts  of 
Halifax  and  Huddersfield,  there  is  nearly  as  much  typhus 
as  in  Leeds  and  Sheffield,  affords  upon  an  extensive  scale 
the  strongest  evidence  that  malaria  is  very  little  concerned 
in  its  propagation*  As  the  Commissioners  will  no  doubt 
recommend  Parliament  to  act  upon  the  evidence  afforded 
in  our  large  towns,  it  may  be  well  to  give  one  or  two 
opinions  of  the  medical  men  with  respect  to  the  metropolis 
and  other  places. 

Dr.  Southwood  Smith,  Physician  to  the  London  Fever 
Hospital,  says,  "  In  every  district  in  which  fever  returns 
frequently  and  prevails  extensively,  there  is  uniformly  bad 
sewerage,  a  bad  supply  of  water,  a  bad  supply  of  scavengers, 
and  a  consequent  accumulation  of  filth;  and  I  have  been 
accustomed  to  express  the  fact  in  this  way.  If  you  trace 
down  the  fever  districts  on  a  map,  and  then  compare  that 
map  with  the  map  of  the  Commissioners  of  Sewers,  you 
will  find  that  wherever  the  Commissioners  of  Sewers  have 
not  been,  there  fever  is  prevalent;  and  on  the  contrary, 
wherever  they  have  been,  there  fever  is  comparatively 
absent"  He  is  again  asked,  "  Are  you  aware  that  the 
rate  of  mortality  is  actually  found  to  be  nearly  double  in 
some  of  the  neglected  districts  in  the  East,  compared  with 
what  it  is  in  the  Western  part  of  London  ?"  "I  am ; 
and  this  interesting  and  important  fact  is  dependant  on 
several  circumstances,  and  not  on  any  one  cause.  Thus, 
a  large  portion  of  the  people  who  reside  in  the  Western 
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part  consist  of  the  wealthier,  while  the  Eastern  part  is 
principally  inhabited  by  the  poorer  classes.  The  higher 
value  of  life  indicated  in  the  Western  district  is  partly 
owing  to  the  better  food  and  clothing  of  the  wealthier 
classes,  to  their  more  temperate  habits  and  less  exhausting 
labour,  and  especially  to  the  better  care  taken  of  their 
infants  and  children,  and  in  general  to  the  more  favour- 
able circumstances  under  which  childhood  and  infancy,  the 
most  precarious  and  mortal  epochs  of  human  life,  are  placed. 
But  still  the  poorer  classes  in  these  neglected  localities  and 
dwellings  are  exposed  to  causes  of  disease  and  death  which 
are  peculiar  to  them,  the  operation  of  which  is  steady,  un- 
ceasing, and  sure ;  and  the  result  is  the  same  as  if  20,000 
or  30,000  of  these  people  were  annually  taken  out  of  their 
wretched  dwellings  and  put  to  death  ;  the  actual  fact  being 
that  they  are  allowed  to  remain  in  them  and  die.  I  am  now 
speaking  of  what  silently,  but  surely,  takes  place  in  the 
metropolis  alone,  and  do  not  include  in  this  estimate  the 
numbers  that  perish  from  these  causes  in  the  other  great 
cities,  and  in  the  towns  and  villages  of  the  kingdom.  It 
has  been  stated  that  the  annual  slaughter  in  England  and 
Wales,  from  preventable  causes  of  typhus  fever,  which 
attacks  persons  in  the  vigour  of  life,  is  double  the  amount 
of  what  was  suffered  by  the  allied  armies  in  the  battle  of 
Waterloo."  This  is  no  exaggerated  statement;  this  great 
battle  against  our  people  is  every  year  fought  and  won ; 
and  yet  few  take  account  of  it,  partly  for  the  very  reason 
that  it  takes  place  every  year.  However  appalling  the 
picture  presented  to  the  mind  by  this  statement,  it  may 
be  justly  regarded  as  a  literal  expression  of  the  truth. 
I  am  myself  convinced,  from  what  I  see  of  the  ravages 
of  this  disease,  that  this  mode  of  putting  the  result  does 
not  give  an  exaggerated  expression   of   it      Indeed,  the 
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most  appalling  expression  of  it  would  be  the  mere  cold 
statement  of  it  in  figures.  Drains,  to  be  efficient,  accord-* 
ing  to  the  same  authority,  must  be  flushed  with  water^ 
and  this  in  all  the  smaller  ones  can  only  be  accomplished 
at  great  expense.  Dr.  Southwood  Smith  goes  on  to  say, 
(p.  995,)  ^^  No  drain  can  be  efficient  through  which  there 
do  not  flow  currents  of  water.  Without  a  proyision 
for  this  regular  and  abundant  supply  of  water,  drains  not 
only  tail  in  accomplishing  their  object,  but  they  become 
positirely  injurious.  They  generate  and  difiuse  the  rery 
poison,  the  formation  of  which  it  is  their  object  to  prevent ; 
and  the  extent  to  which  at  present  poison  is  thus  actually 
generated  and  carried  forth,  may  be  accurately  measured 
by  every  inch  of  drain  whidi  is  not  regularly  washed  by 
a  good  stream  of  water." 

Dr.  Graves,  one  of  the  Physicians  to  the  Meath  Hospital 
and  County  of  Dublin  Infirmary,  states  in  his  ^*  Cludcal 
Medicine^*'  (p.  42,)  ^<  For  a  considerable  period  there  was 
a  great  tendency  among  physicians  to  refer  the  origin  of 
typhus,  and  almost  every  variety  of  fever,  to  malaria,  or 
imwholesome  emanations  from  the  soil,  produced  by  the 
decomposition  of  vegetable  matter.  In  Ireland,  fisicts  do  not 
bear  out  this  hypothesis,  for  when  an  epidemic  of  fever  has 
become  established,  it  breaks  out  simultaneously  in  situations 
the  most  difierent,  and  in  some  where  no  such  emanations 
can  be  supposed  to  exist  Thus,  I  have  seen  a  whole  family 
affected  in  the  telegraph,  situated  at  the  summit  of  Rilliney, 
a  mountain  formed  of  bare  granite ;  and,  indeed,  the  granite 
and  mountain  districts  beyond  Rathfamham,  Tallagfat,  and 
EiUikee,  supply  the  Meatfa  Hospital  with  its  worst  cases 
of  typhus.**  He  quotes  Major  Tulloch  respecting  the 
troops  in  the  Colonies,  where  it  clearly  appears  that 
fevers  of  the  most   malignant  character  frequently  arise 
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in  places  presenting  a  combination  of  circumstances  most 
favourable  to  the  exclusion  of  malarious  influence,  and  con- 
cludes by  saying,  that  the  most  improved  and  thoroughly- 
drained  towns  and  country  districts  are  quite  as  liable  to 
epidemics  of  typhus  as  are  the  most  neglected  and  marshy 
parts  of  our  island. 

Professor  Alison  says,  **  The  vitiation  of  the  atmosphere 
by  putrescent  animal  or  vegetable  substances^  or  by  crowded 
human  beings^  has  been  supposed  to  be  a  sufficient  cause  (of 
continued  fever),  and  the  former  of  these  opinions  has  been 
much  espoused  in  England;  but  so  many  instances  have 
been  collected  by  Dr.  Bancroft;,  Dr.  Chisholm,  Parent  Du 
Cbatelet,  and  others,  of  both  these  causes  being  fully  applied 
without  any  such  effect ;  and  it  is  so  easy  to  explidn  the 
frequency  and  rapid  diffusion  of  continued  fever  in  the 
sitaations  where  such  effluvia  exist,  by  the  concentration 
of  the  contagions  poison  and  other  circumstances  and 
mode  of  life  of  the  inhabitants,  that  we  must  set  aside 
both  hypotheses.'' 

Dr.  Duncan,  of  Liverpool,  and  Dr.  Watts  and  Dr.  Perry, 
who  have  written  upon  the  fever  of  Glasgow,  assert  that  the 
cause  is  to  be  sought  for  rather  in  the  want  of  nutritious  food 
than  of  pure  air. 

Other  evidence  from  the  Yorkshire  districts  might  be 
advanced,  showing  that  malaria  has  little  or  nothing  to  do 
with  either  the  generation  or  spread  of  typhus.  Wadsley 
village,  built  upon  bare  rock,  and  one  of  the  best  building 
stones  in  Yorkshire,  consisting  of  detached  well-built  stone 
houses,  with  high  elevation  and  gentle  declivity,  is  scarcely 
ever  free  from  typhus  fever.  The  same  may  very  nearly 
be  said  of  Monk  Bretton ;  and  Little  Smeaton,  upon  the 
nagnesian  limestone,  and  situated  upon  the  bare  rock, 
with  a  rapid  declivity,  has  frequently  in  it  some  very  severe 
cases ;  while  Womersley,  a  low  damp  malarious  village,  has 
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not  had  a  single  case  in  it  for  fifteen  years.     York   City, 
most  wretchedly  drained,  had  only, 

In  1841 20  cases. 

1840 33      „ 

1839 18      „ 

1838 11      „ 

82 

Average 20  out  of  32,000  popu- 
lation ;  much  less  than  in  the  West-Riding  towns. 

Probably  a  mean  or  combination  of  these  opinions  may 
be  the  true  one ;  and  it  will  be  found  that  the  predisposing 
causes  of  feyer  are  all  agencies  which  debilitate  the  system, 
or  which  are  allied  to,  or  increase,  the  effects  of  the  con- 
tagious virus,  which  is  the  materies  marbu  Several  of 
these  do  co-exist  in  towns.  Thus,  hardships  and  innutrir- 
tion  weaken  the  body.  Malaria,  we  know,  will  cause  one 
kind  of  fever,  and  probably  propagate  typhus;  and  a 
deficient  supply  of  pure  air  will  render  the  disease  more 
fataL  Hence,  in  Halifax  and  Huddersfield,  typhus  is 
more  probably  due  to  innutritious  and  a  scanty  supply  of 
food,  and  long  hours  of  exhausting  labour  within  doors, 
than  to  any  malarious  influence. 

2.  The  next  Geological  advantage  which  Halifax  and 
Huddersfield  have  over  Leeds  and  Sheffield  is,  that  the 
former  have  upon  the  spot  excellent  buUding  stone,  and 
consequently  the  inhabitants  have  good  houses,  good  streets^ 
and  larger  rooms  in  their  houses.  The  buildings  in  Leeds 
and  Sheffield  are  chiefly  of  brick.  The  small  quantity  of 
stone  used  in  Sheffield  is  brought  three  miles,  from  Wadsley, 
and  the  little  in  Leeds  about  two  or  three  miles,  from  Bramley 
Fall,  and  Woodhouse  Moor  and  Roundhay.  The  houses  in 
Sheffield  are  notoriously  small ;  and  in  the  old  parts  of  the 
town  particularly,  adjoining  the  River  Sheaf,  are  to  be  seen 
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innumerable  courts,  with  four  and  five  houses  in  each,  and 
forming  a  complete  cul  de  sac.  The  houses  in  above  half 
of  Leeds,  particularly  Hunslet,  Marsh  Lane,  &c.,  are  of 
very  inferior  description,  and  many  are  built  upon  the 
potters'  clay,  out  of  which  the  bricks  were  made  to  build 
them.  Superior  houses,  streets,  and  rooms,  induce  a 
greater  degree  of  cleanliness^  cmd  also  a  better  ventUatiorii 
or  an  easier  access  of  pure  air  frequently  renewed;  a 
superior  well-built  house  also  admits  more  solar  light. 
The  stunted  growth  of  the  3amoied,  the  Ostiaks,  the  Esqui- 
maux, the  Greenlander,  and  the  Laplander,  deprived  nearly 
two-thirds  of  the  year  of  solar  light,  indicate  its  great 
utility  to  healthy  frames. 

Dr.  Laycock,  in  his  Report  on  the  Sanitary  State  of 
York,  asserts  that  an  elevated  situation  is  of  the  first 
importance  in  that  city,  and  that  the  variations  in  altitude 
from  only  13  to  45  feet  above  the  level  of  the  Ouse, 
gives  to  different  parts  of  the  city  a  mean  age  at  death 
of  from  22  years  to  42^ ;  and  that,  even  in  the  labouring 
class,  there  is  a  difference  of  12f  years.  The  greater 
elevation  affords  a  superior  ventilation;  but  Dr.  Laycock 
adds,  that  the  effects  of  deficient  drainage  are  not  to  be 
avoided  by  good  ventilation;  and,  as  a  proof,  names  two 
Tillages  near  York,  both  well  ventilated, — that  of  Rufforth, 
having  a  wide  stagnant  ditch  passing  through  the  village, 
where  the  mean  age  at  death  is  28  years,  and  that  scar- 
latina there  was  termed  the  ^^  black  death ;"  while  the  mean 
age  at  Acomb  is  35^. 

Dr.  Emerson,  in  a  paper  on  the  Medical  Statistics  of 
Philadelphia,  says,  <<  Whilst  upon  the  subject  of  public 
hygiene,  we  cannot  restrain  ourselves  from  noticing  the 
subject  of  ventilation,  or  a  proper  supply  of  pure  unrespired 
air.  By  far  the  greatest  proportion  of  the  annual  sickness 
and  mortality  of  ordinary  seasons  is  furnished  by  the  narrow 
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and  confined  alleys  and  court«»  existing  in  various  parts 
of  the  town*  The  low  terms  upon  which  the  small  houses 
and  rooms  ean  be  obtained,  causes  them  to  be  crowded  with  a 
popukition  negligent  of  cleanliness ;  and  it  ought  to  occasion 
no  surprise  that  there  is  greater  sickness  and  death  aiaong 
them  compared  with  those  living  in  larger  dwellings,  having 
a  freer  dreukUim  of  air"  He  also  states  that  the  effect  of 
this  bad  supply  of  pure  air  is  most  lamentably  conspicuous 
among  children. 

It  is  abo  well  known  that  you  may  place  cases  labouring 
under  malignant  typhus,  in  a  room  with  other  infirmary 
patients,  provided  there  be  good  ventilation,  with  perfect 
impunity.  The  experiments  were  made  in  the  infirmary  of 
Edinburgh,  and  detailed  p.  286  of  the  Report  by  Dr.  Amott. 
It  was  found  in  the  wards  occupied  by  fever  patients  only, 
that  the  nurses  and  other  attendants  rarely  escaped  infec- 
tion ;  but  when  such  patients  were  scattered  about  so  as  to 
dUute  the  pobon,  the  attendants  remained  safe,  as  did  also 
neighbours  in  the  beds  about  them ;  proving  that  dilution 
of  the  contagious  poison,  by  scattering  the  patients,  as 
well  as  the  complete  ventilation  of  a  fever  ward,  affords 
safety. 

Dr.  Amott  says,  it  is  known  that  a  canary  bird, 
suspended  near  the  top  of  a  curtained  bedstead  in  which 
people  have  slept,  will,  generally,  owing  to  the  impurity  of 
the  air,  be  found  dead  in  the  morning;  and  small  close 
rooms  in  the  habitations  of  the  poor  are  sometimes  as  ill- 
ventilated  as  the  curtained  bedstead.  But  small  badly- 
ventilated  dwellings  are  favourable  to  the  production  of 
consumptive  diseasey  which  destroys  more  adults  than  any 
other  complaint.  There  is  no  doubt  that  the  proximate 
cause  of  phthisis  is  tuberculous  deposits  in  the  upper  por- 
tions of  the  lungs,  which  consist  of  albuminous  fluid  mixed 
with  imperfectly  developed  cells  or  cyloblasts,  but  which. 
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themselTefl,  are  developed  in  certain  congtitutions,  upon  a 
proper  exciting  agent  or  irritation  being  applied*  Under 
tbe  microscope,  there  is  no  difference  between  the  tubercle 
or  bleb,  caused  by  rubbing  croton  oil  upon  the  sidn,  and 
that  produced  in  the  lungs,  and  which  leads  to  consumption. 
Like  gout,  phthisis  is  either  hereditary  or  may  be  acquired, 
and  the  disease  is  said  by  Dr.  Maxx  scarcely  to  occur  at 
all  in  Egypt ;  and  it  is  also  stated  that  in  countries  where 
aqueous  exhalations  cause  intermittent  ferers,  phthisis  is 
little  known.  Dr.  Guy,  professor  of  forensic  medicine  in 
King's  College  Hospital,  in  the  Commissioners'  Report 
giTes  ample  proof  of  the  injurious  effects  of  deficient  ven- 
tilation. He  states  the  proportion  of  consumptive  cases 
in  the  three  classes  of  persons,  viz: — gentlemen,  (including 
professional),  tradesmen,  and  artisans,  as  16.28  and  30  per 
cent;  so  that  the  tradesmen  of  the  metropolis  are  nearly 
twice  as  liable  to  consumption  as  the  gentry;  and  the 
greater  mortality.  Dr.  Ouy  thinks,  is  mainly  attributable 
to  their  confinement  during  so  many  hours  of  every  day 
in  ill-ventilated  shops,  and,  especially,  when  dust  is  inhaled 
and  gas-burners  are  used.  He  further  states,  that  about 
36,000  persons  in  England  and  Wales  die  of  true  pulmo- 
nary consumption,  and  that  by  proper  sanitary  measures, 
not  less  than  5,000  might  be  saved.  It  appears  again  from 
the  researches  of  Dr.  Carpenter,  that  at  each  inspiration 
20  cubic  inches  of  air  is  taken  in,  and,  therefore,  266}  cubic 
feet  in  24  hours.  But  Dr.  Guy  adduces  some  cases  where 
104  men,  working  in  a  room  with  less  than  500  cubic  feet  of 
air  to  breathe  in,  were  affected  by  spitting  of  blood,  catarrh, 
and  other  lung  diseases,  to  the  amount  of  42  per  cent. ; 
while  115  men,  having  from  500  to  600  cubic  feet,  were 
affected  to  27  per  cent  with  the  same  complaints;  while 
101  men,  with  more  than  600  cubic  feet,  were  affected  only 
to  the  amount  of  23  per  cent 
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From  these  facts,  therefore, — from  the  known  inferiority 
of  the  buildings  in  Leeds  and  Sheffield,  in  comparison  with 
the  larger  streets,  better  houses,  possessing  larger  rooms, 
all  of  which  are  due  to  superior  Geological  site, — I  conclude 
that  the  deaths  of  850  persons  by  consumption  are  mainly  to 
be  attributed  to  the  want  of  ventilation,  or  a  free  access  of 
pure  air  to  the  lungs  of  the  people  inhabiting  these  districts. 

3.  The  influence  of  lights  and  a  more  elevated  and  cheerful 
situation,  cannot  be  overlooked.  Sir  James  Wylie  states  that 
the  cases  of  disease  on  the  dark  side  of  an  extensive  barrack 
at  St.  Petersburg,  have  been  uniformly  for  many  years  in  the 
proportion  of  three  to  one  to  those  on  the  side  exposed  to 
strong  light.  N.  B.  Ward,  Esq.,  says  that  light,  durimg 
childhood,'  directly  influences  the  physical  development  Dr. 
Edwards's  experiments  are  conclusive,  that  if  tadpoles,  how- 
ever well  nourished,  are  entirely  deprived  of  %ht,  their 
metamorphosis  into  air-breathing  animals  is  arrested,  and 
they  remain  in  the  form  of  large  tadpoles. 

Dr.  Craigie  says,  (Practice  of  Physic^  p.  442,)  «  The 
causes  of  pneumonic  inflammation  are  in  general  those  which 
induce  inflammation  in  general.  All  observation  concurs  in 
showing  that,  though  it  may  occur  at  any  period  of  the  year, 
it  is  chiefly  a  disease  of  the  cold  seasons,  and  especially  the 
cold  seasons  in  temperate  countries.  It  prevails  chiefly  after 
the  winter  solstice,  between  the  close  of  December  and  the 
end  of  April,  or  even  of  June."  Dr.  Copland  says  that  the 
incautious  exposure  to  cold  or  wet,  and  to  the  night  air, 
after  breathing  for  some  time  the  foul  or  depressing  air  of 
a  confined  or  crowded  apartment,  or  ill-ventilated  quarter, 
bed-room,  or  barrack-room,  is,  perhaps,  the  most  productive 
cause  of  pneumonia,  particularly  in  large  towns ;  and  explains 
the  greater  prevalence  and  mortality  of  the  disease  in  these 
circumstances,  than  in  open  healthy  localities.  I  therefore 
conclude  that  the  naturally  damp  soils  and  subsoils  of  Leeds 
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and  Sheffield,  erery  square  yard  of  whose  streets  requires 
paving  to  prevent  evaporation,  together  with  their  inferior- 
lighted  and  low  situated  dwellings,  are  sufficient  causes  to 
produce  the  additional  1,212  deaths  from  pneumonia  or 
inflammation  of  the  lungs. 

4.  Another  superiority  in  Halifax  and  Huddersfield  and 
Wakefield,  over  Leeds  and  Sheffield,  u  in  the  Geological 
nature  of  the  soil  and  subsoil;  the  one  being  open  and  porous, 
and  which,  according  to  the  experiments  of  Schubler,  has 
the  power  to  hold  or  contain  only  26  per  cent  of  water,  while 
that  of  stiff  clay  or  brick  earth  will  hold  61  per  cent;  or 
every  cubic  foot  of  the  former  will  hold  only  27.3  lbs.  of 
water,  and  the  latter  48.3  lbs.,  or  nearly  double  the  quantity; 
consequently,  there  will  be  double  the  evaporation  of  mois- 
ture in  the  latter  towns  over  that  in  the  two  former.  Now 
in  a  moist  state  of  the  air  the  changes  are  not  fully  effected 
on  the  blood  by  respiration — its  watery  portions  are  not 
carried  off  so  freely  from  the  exhaling  surfaces — ^its  purity 
is  diminished,  thereby  rendering  the  powers  of  life  more 
languid,  and  the  system  more  open  to  the  invasion  of  the 
exciting  causes  of  disease  in  generaL 

Dr.  Emerson,  speaking  of  the  mortality  of  Philadelphia, 
says,  ^*  Great  as  was  the  amount  of  sickness,  it  was  confined 
almost  entirely  to  the  comparatively  small  proportion  of 
population  inhabiting  the  unpaved  or  ill-paved  environs.  Our 
observations  led  us  to  ascribe  this  exemption,  for  the  most 
part,  to  the  pavement,  which,  by  effecting  a  perfect  draining, 
prevents  exhalation^  at  the  same  time  that  it  admits  of  the 
total  removal  of  animal  and  vegetable  matters.  The  chief 
motive  for  paving  the  streets  and  side  walks  is  usually  con- 
venience, but  it  has  always  appeared  to  us  that  by  far  the 
most  important  object  achieved  by  it  was  the  preservation  of 
health.'' 

5.  There  is,  no  doubt,  a  close  connexion  between  the  qual- 
ities  of  water  and  the  Geological  character  of  its  locality. 
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How  &r  these  may  influence  health  in  distant  localities  seems 
not  easy  to  determine.  Those  containing  vegetable  and 
animal  matters  are  positively  injurious.  The  degree  of 
hardness  is  very  material  in  an  economical  point  of  view, 
as  connected  with  the  consumption  of  soap.  I  hope  by  Dr. 
Clarke's  method,  (Professor  of  Chemistry  in  Aberdeen,)  by 
the  soap  test  and  acid  test,  to  obtain  the  hardness  due  to 
both  neutral  and  alkaline  earthy  salts,  of  the  waters  chiefly 
used  in  these  towns.  The  waters  of  Eklifax  and  its  neigh- 
bourhood have  already  been  described  by  a  distinguished 
Member  (Dr.  Alexander)  of  our  Society.  So  also  have  the 
waters  of  Yorkshire  been  analysed  by  Mr.  West  It  would, 
however,  be  presumptuous  to  assert,  without  more  information 
upon  the  subject,  that  any  degree  of  unhealthiness  is  to  be 
attributed  to  the  difference  in  the  quality  of  water. 

Exceptions. —  The  perturbations  which,  within  certain 
limits,  counteract  those  prevailing  laws  of  mortality  which 
are  produced  by  general  Geological  causes  are — 1.  Density 
of  population ;  2.  The  trades  or  occupations  of  the  people 
of  each  district ;  3.  Epidemics^  acting  partially. 

1.  Density. — In  two  towns,  both  having  the  same  Geolo- 
gical advantages  or  disadvantages,  but  the  one  having  twice 
the  population  per  acre — ^this  greater  density  may,  I  do  not 
say  will,  within  certain  limits,  alter  their  rates  of  mortality. 
For  example,  Sheffield  has  6,155  persons  to  the  square  mile, 
while  Leeds  has  only  2,416;  their  rates  of  mortality  are 
nevertheless,  the  same,  t.  e.  for  1840,  1841,  and  1842.  But 
it  is  absurd  to  assert  that  the  mortality  increases  with  the 
density  of  the  ^districts,  as  the  Kegistrar- General,  in  his 
Fourth  Report,  page  15,  states.  Birmingham  has  a  popu- 
lation of  33,255  to  the  mile — eleven  times  as  many  as  Leeds, 
and  five  times  as  many  as  Sheffield,  and  yet  their  rates  of 
mortality  are  the  same.  While  again  Manchester  has  only 
9,525  to  the  mile,  and  yet  its  rate,  3.2,  is  much  higher  than 
that  of  Birmingham,  and  only  second  to  Liverpool,  which  is 
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the  most  unhealthy  town  in  England.  While  again  Clifton 
has  only  1,713  persotts  to  the  mile,  and  yet  its  mortality  is  as 
great  as  Bradford,  riz.,  2.4  per  cent,  which  is  very  densely 
populated* 

The  trades  and  occupations  of  each  district  are  also,  within 
certain  limits,  perturbing  causes;  for  not  only  do  the  different 
employments  exert  a  material  influence  upon  health,  but  their 
prosperous  or  adverse  states  do  so  likewise.  The  grinders  of 
Sheffield  amount  only  to  3,000,  and,  therefore,  their  numbers 
do  not  influence  the  rates  so  much  as  might  be  supposed.  (See 
Dr.  Calvert  Holland.)  It  is,  however,  a  most  appalling  fact, 
from  inquiries  made  in  1822  respecting  the  phthisis  of  the 
grinders  of  Sheffield,  that  out  of  2,500  grinders,  there  were 
not  more  than  35  who  had  arrived  at  the  age  of  50 ;  and  not 
double  that  number  who  reached  the  age  of  45;  and  that  out 
of  80  fork-grinders,  exclusive  of  boys,  there  was  not  a  single 
individual  36  years  old.  Sir  Arnold  Knight,  who  has  written 
an  account  of  the  grinders'  asthma  (in  the  North  of  England 
Medical  and  Surgical  Journal^  p.  89,)  concludes  by  asking, 
<«  Might  not  criminals,  who  have  grossly  violated  the  laws  of 
their  country,  be  condemned  for  life  to  fork-grinding,  as  for 
minor  offences  they  are  sentenced  to  the  tread-mill?"  It 
appears,  however,  that  in  the  years  1839,  1840,  and  1841, 
the  average  age  of  all  who  died  above  21,  engaged  in  the 
manufactures  of  Sheffield,  was  48 ;  t.  e.  without  gentry  and 
tradesmen,  with  them  52 ;  and  that  the  average  age  of  fork- 
grinders  was  48  years, — other  grinders  44.09. 

It  does  not,  however,  appear,  during  the  same  three  years, 
that  the  rate  of  mortality  of  the  persons  connected  with  the 
manufacture  of  woollen  cloths  in  the  Huddersfield  Union,  are 
very  different  from  the  trades  of  Sheffield.  The  average 
age  of  all  who  die  is  46,  and,  therefore,  less  than  the  artisans 
of  Sheffield.  The  average  age  in  the  Society  of  Friends 
for  1841,  1842,  and  1843,  of  those  who  died  above  20  years. 
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was  62.40.  No  statistical  account  of  those  employed  in  the 
manufacture  of  woollen  and  flax  in  Leeds  has  yet  been  pub* 
lished,  but  there  is  good  reason  to  belieye  that  the  great 
mass  of  disease  constantly  witnessed  in  our  manufacturing 
districts,  flows  from  the  great  towns,  with  badly-constructed 
dwellings,  narrow  streets,  imperfect  drainage,  and  confined 
workbg  rooms,  more  than  the  factory  system  itself.  Dr. 
Knoltz,  of  Vienna,  has  lately  published  an  account  of  the  man- 
agement of  cotton  mills  in  Lower  Austria,  where  he  proves 
that  factory  working,  per  se^  is  not  more  prejudicial  to  health 
than  most  other  occupations.  We  gather  from  bis  publica- 
tion, that  the  hours  of  labour  in  the  cotton  mills  are  more 
extended  than  in  our  own  country,  and  yet  that  the  health  of 
the  operatiyes  is  in  a  better  condition  than  that  of  other 
classes  of  workpeople ;  attributable  to  the  excellent  sanitary 
regulations  of  the  country.  The  factories  described  by  Dr. 
Knoltz  are  situated,  not  in  the  centre  of  large  cities,  but  in 
hamlets,  villages,  and  small  country  towns.  Most  of  these 
districts  are  open  plains,  well  exposed  to  the  air.  He  says  all 
considerations  relating  to  the  healthiness  of  the  foundations 
and  site,  security  against  fire,  and  other  collateral  circum- 
stances of  this  kind,  are  determined  by  the  authorities,  prior 
to  the  erection  of  the  mills,  and  every  advantage  is  taken  to 
secure  the  probable  health  of  the  future  work-people.  Tn 
building,  every  care  is  bestowed  upon  the  height  and  width 
of  the  rooms,  and  upon  the  facilities  for  ventilating  them ; 
and  further,  in  the  immediate  vicinity  of  the  work-places  are 
built  dwellings  of  a  very  superior  character,  the  property  of 
the  mill-owners,  for  the  operatives  themselves,  as  well  as 
apartments  for  their  treatment  in  sickness,  and  also  schools 
and  residences  for  the  teachers.  The  due  management  of 
all  these  matters  is  rendered  obligatory  upon  the  occupiers 
of  the  establishment  by  the  Government  of  the  country.  He 
further  states  that  the  children  of  the  operatives  are  better 
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educated  and  fed  than  those  of  the  other  villagers^  and  being 
removed  from  the  bad  example  furnished  in  large  towns,  are 
strangers  to  the  vice  and  delinquencies  of  corresponding 
classes  in  France  and  England.  The  men  work  in  lofty 
rooms,  which  are  kept  in  the  cleanest  state  possible,  well 
heated  by  Messner's  stoves,  or  by  hot  water  in  tubes  in 
winter,  and  most  carefully  ventilated  in  summer.  That 
every  where  near  the  larger  mills  infirmaries  are  instituted, 
and  furnished  with  well-paid  physicians  and  surgeons,  in 
order  that  all  adults,  as  well  as  children,  may  receive  appro- 
priate care  and  attention  during  illness;  and  in  all  cases  of 
epidemic  disease,  the  mill-owner  is  compelled,  by  existing 
regulations,  to  provide  every  thing  at  his  own  cost.  And 
as  the  successful  result  of  these  arrangements,  that  during 
the  prevalence  of  the  cholera  in  1832,  in  the  largest  factory 
in  the  monarchy,  at  Pottendorf,  where  upwards  of  1,200 
persons  are  employed,  only  three  fell  victims  to  this  pesti- 
lence. He  also  affirms  that  there  is  no  unusual  mortality 
among  the  factory  workers,  and  that  the  sickness  is  greater 
amongst  the  children  of  the  villages  unconnected  with  cotton 
mills.  That  the  establbhments  are  usually  in  full  work  about 
fifteen  hours  a-day,  and  the  young  children  are  engaged  in 
actual  work  about  thirteen  hours. 

As  a  third  disturbing  cause,  epidemics  may  act  partially^ 
u  e.  \S  Leeds  be  visited  with  scarlatina,  or  small-pox,  or 
measles,  while  Sheffield  is  not,  as  in  the  year  1839,  (the 
deaths  in  Leeds  were  nearly  400  from  measles,  while  those 
in  Sheffield  were  33,)  such  a  circumstance  will  tend  to  alter 
their  respective  rates  of  mortality ;  but  in  a  sequence  of  years, 
it  is  highly  probable  that  the  mortality  from  epidemics  will 
be  nearly  balanced,  for  their  progress  all  over  the  kingdom 
is  governed  by  certain  geueral  laws,  going  through  a  regular 
course,  and  declining ;  thus,  five  persons  die  weekly  in  the 
metropolis  from  small-pox,  but  when  the  disease  becomes 
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epidemic,  the  numbers  rise  to  10»  15,  20,  31,  58,  and  88 
weekly,  and  then  progressivelj  fall  through  the  same 
measured  stqps.  They  also  march  through  the  kingdom 
in  a  sort  of  natural  order,  as  the  small-pox  epidemic, 
destroying  30,812  persons  during  two  winters,  two  springs, 
three  summers,  and  three  autumns,  progressed  first  on 
the  West  side  of  our  island,  from  Liyerpool,  up  to  the 
metropolis,  then  raged  into  the  Midland  districts,  and 
reached  Norfolk,  and  came  down  by  the  Eastern  coast 
to  Newcastle-upon-Tyne. 

What,  then,  are  the  remedies  proposed  for  this  enormous 
annual  waste  of  life,  as  a  deduction  from  the  preceding 
febcts? 

1.  As  in  Lower  Austria,  no  faetorie»  or  mUh  be  per^ 
mitted  to  be  built  in  large  towns  for  the  futtrre  ;  and  this 
step  is  necessary  for  the  improvement  of  the  sanitary 
condition  of  our  most  rapidly  increasing  population  in  the 
West  Riding  towns.  Leeds,  which  40  years  since  con- 
tained only  53,162  inhabitants,  is  now  trebled^  to  152,054  ; 
Sheffield,  in  1801,  had  31,314,  and  is  now  more  than 
douNedy  to  68,186;  Bradford,  which  in  1801  contained 
only  6,393,  is  now  multiplied  nearly  six  timeSy  to  34,560 ; 
Huddersfield,  from  7,268,  increased  to  25,068;  Halifax, 
from  8,886,  to  19,881 ;  and  Wakefield,  from  8,131  in 
the  year  1801,  to  14,754  in  1841. 

2.  That  certain  Geological  sites  be  chosen  for  these 
mills,  when  practicable,  as  a  rocky,  elevated,  and  dry 
locality,  with  good  stone  contiguous,  since  the  workmen's 
houses  eventually  will  follow  the  mills,  and  the  quality  of 
the  adjacent  building  materials,  whether  stone  or  clay,  will 
determine  the  size  of  the  streets,  houses,  &c 

3.  Respecting  the  houses^  Sfc. — That  building  acts  compel 
the  drainage,  paving,  and  sewerage  of  the  streets  and  founda^ 
tions,  before   being  built  upon;    that  the  rooms  of   both 
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houses  and  milla  be  made  of  certain  skes,  and  eapable 
of  being  ventilated  by  the  admission  of  currents  of  fresh 
air,  due  regard  being  paid  to  the  construction  of  suffi- 
ciently wide  streets  for  the  admission  of  light;  and  also 
that  a  due  quantity  of  good  water  be  supplied.  In  a 
word,    more    attention  to  the  comforts  of    the  labouring 


The  employers  of  our  labouring  classes  require  to  be 
taught  that  their  own  prosperity,  and  that  of  the  com* 
muoity,  is  concerned  in  their  welfare;  and  that  if,  by 
sanitary  regulations,  we  can  add  a  few  years  to  the 
allotted  span  of  human  existence,  we  afford  to  the  artizan 
not  only  that  which  he  prizes  above  all  wealth,  viz.,  life, 
and  add  happiness  to  the  common  stock,  but  we  are 
acting  in  conformity  to  the  will  of  the  Great  Author 
of  that  life,  by  prolonging  and  preserving  bis  great  gift 
as  much  as  is  compatible  with  human  power. 


At  the  conclusion  of  the  paper,  an  interesting  discussion 
ensued,  on  the  various  points  mentioned  by  the  Rev.  Gen- 
tleman. 

Dr.  Crowthbr  said,  his  opinion  was,  that  a  deficiency 
of  water  caused  a  great  mortality.  He  had  no  ftdth  in 
the  notion  that  high  and  airy  situations  were  always  the 
best  For  instance,  when  the  buildmg  of  the  new  prison 
at  Wakefield  was  under  consideration,  it  was  mooted  by 
some  that  Park  Hills  would  be  a  much  healthier  situation 
than  the  valley  in  which  it  at  present  stood.  Had  the  site 
of  the  prison  been  removed  to  the  Park  Hills,  he  (Dr.  C.) 
gave  it  as  his  decided  opinion  that  the  mortality  would  have 
been  increased  ten  times.  There  was  Ardsley,  a  supposed 
healthy  situation  on  a  hill,  which  was  hardly  ever  free  from 
typhus  fever,  while  in  Wakefield  there  was  scarcely  ever  a 
case ;   thus,  in  his  opinion,  showing  that  it  was  water,  and 
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plenty  of  it,  which  was  wanted.  He  did  not  think  the  quality 
was  so  much  an  object  as  quantity. 

Mr.  C.  Morton  would  ask  the  author  of  the  paper 
if  there  was  any  established  rule  between  mortality  and 
Geological  position  ?  With  respect  to  some  of  the  figures 
brought  forward  by  the  Rev.  Lecturer,  he  thought  the  rate 
of  mortality  in  some  towns  excessive.  He  would  like  to 
ask  the  Lecturer,  if  the  Geological  position  had  such 
influence  upon  mortality,  how  it  happened  that  London, 
with  its  clay  foundations,  and  Halifax,  with  its  grit  rock, 
were  so  near  alike  ? 

The  Rev.  W.  Thorp  said,  that  if  the  rates  of  mortality 
from  the  Fifth  Report  of  the  Registrar-General  were  ex- 
amined, there  would  be  found  very  great  variations,  accord- 
ing to  locality,  such  as  neither  density  of  population,  trades, 
&c.,  could  account  for ;  and  this  paper  sought  to  establish  a 
connection  between  the  degree  of  the  salubrity  of  any  place 
and  its  Geological  site.  The  rates  of  mortality,  however 
high,  were  all  extracted  from  the  Reports  of  the  Registrar- 
General,  and  were,  therefore,  correct  Mr.  Morton  had  not 
rightly  comprehended  him  respecting  London ;  the  rate  of 
mortality  of  the  metropolis  is  1  in  37 ;  agreeing  nearly  with 
Hull,  (1  in  34,)  which  is  also  built  upon  clay.  Halifax  and 
Huddersfield  have  rates  of  1  in  50. 

Mr.  Briggs  thought  the  quality  of  water  had  more  to  do 
with  the  health  of  a  town  and  neighbourhood  than  appeared 
to  be  admitted.  He  had  frequently  observed,  that  where  the 
water  was  hard,  there  was  more  disease  than  where  it  was  of 
a  different  character. 

Dr.  Crowther  did  not  think  the  quality  of  the  water 
had  much  to  do  with  health.  He  wanted  the  people  to 
have  plenty  of  water,  and,  if  the  quality  was  inferior,  it 
would  not  make  much  difference,  in  his  opinion. 

Dr.  Inglis,  of  Halifax,  thought  differently.     The  quality 
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of  water  either  increased  or  decreased  mortality  to  a  con- 
siderable extent.  The  Doctor  instanced  a  village  near 
Halifax,  which  he  did  not  name,  where  the  water  was 
bad,  and  the  inhabitants  were  never  free  from  disease; 
but  in  every  other  respect  it  stood  advantageously. 

Mr.  Clat  said,  he  thought  there  was  most  typhus,  for 
instance,  on  the  brow  of  hills  looking  south,  and  supported 
Dr.  Inglis  and  Mr.  Briggs  with  respect  to  the  quality  of 
water. 

Dr.  Crowther  said,  some  30  years  ago,  an  epidemic 
broke  out  with  violence  every  year  at  Daw  Green,  near 
Dewsbury.  For  several  years  it  was  di£Scult  to  ascertain 
any  cause.  The  inhabitants  had  an  ash-heap,  and  it  was 
customary  to  remove  the  ashes  every  May,  and  immediately 
the  disease  was  raging.  One  year  it  was  removed  at  Christ- 
mas, and  the  following  summer  the  place  was  healthy.  The 
ashes  were  afterwards  removed  at  Christmas,  and  the  disease 
had  not  since  appeared.  He  maintained  that  the  drunage 
of  towns  had  considerable  influence  upon  health.  In  his 
opinion,  no  good  could  be  done  until  the  legislature  passed 
an  act  compelling  a  proper  drainage.  For  instance,  some 
years  ago,  the  Commissioners  of  the  Wakefield  Streets 
Udd  out  £700  in  taking  a  drain  from  the  Ings  to  the  top 
of  Northgate,  and  it  was  surprising  how  few  owners  of 
cottage  property  had  availed  themselves  of  it.  None,  in 
his  (Dr.  C's)  opinion,  but  compulsory  measures,  would 
efiect  the  desired  good. 

The  thanks  of  the  Meeting  were  then  voted  to  the  Chair- 
man, and  to  the  Rev.  Wm.  Thorp  for  his  able  paper,  and 
the  Meeting  adjourned. 
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GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
m  f^t  anoiHammg  of  YntHnWtf 

AT   THE   TWBNTT-BIGHTH    QUABTBIILT  MSETUIO,   HSL1>  IN   THB 

HAIiL   OF   THE   FHILOSOFHICAL   SOCIBTYy   HALIFAX, 

ON  WBDNESDAYy   MARCH   I2TH9  1845. 


John  Watbrhousb,  Esq.,  F.R.S.,  was  called  to  the 
Chair. 

On  the  motion  of  the  Sbcrbtary,  Dr.  J.  D.  Hbaton, 
of  Leeds,  was  elected  a  Member  of  the  Society. 

The  following  paper  was  then  read : — 

ON  tibbations  producino  sound,    by  wm.  sykes  ward, 

BSQ.,    OF    LEBDS. 

In  considering  the  nature  of  light,  it  has  appeared  to 
me  of  importance  that  the  phenomena  of  small  vibrations, 
and  especially  those  producing  sound,  should  be  fully  and 
independently  investigated;  not  on  the  ground  that  any 
supposed  analogy  would  be  conclusive,  but  that  as  the 
unduktory  motion  of  light  has,  to  some  extent,  been  pre^ 
sumed  to  be  analogous  to  the  motion  of  sound,  it  might 
be  well  to  ascertain  whether  the  production  or  propagation 
of  sound  is  by  undulatory  or  by  progressive  motion. 

It  is  readily  perceived  that  sound  is  not  substantial 
matter — ^that  sound  does  not  occur    unless    produced  by 
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some  body  which  is  capable  of  vibrating;  for  instance,  in 
an  absolute  yoid  there  could  be  no  sound,  and  a  very 
slight  investigation  shows  that  unless  some  body,  be  it  solid, 
fluid,  or  gaseous,  be  present,  sound,  if  even  it  might  be 
produced,  cannot  propagate  itself. 

As  it  appears  of  much  theoretical  importance  to  ascertiun 
whether  sound  can  be  produced  without  primary  yibration, 
that  is,  yibration  generating  the  sound,  dbregarding  for 
the  time  the  question  whether  sound  is  transmitted  by 
vibrations,  it  is  important  to  notice  an  instrument  of  French 
invention,  called  the  Syrene,  in  which  streams  of  air  acting 
upon  a  disc,  pierced  with  twenty-five  small  holes,  arranged 
in  a  circle  and  drilled  obliquely,  cause  the  disc  to  revolve, 
so  that  in  revolving  the  disc  acts  as  a  valve,  alternately 
closing  and  opening  the  apertures  twenty-five  times  in  each 
revolution,  and  the  air  passmg  through  the  disc  when 
revolving,  rapidly  produces  a  musical  tone,  which  appears 
to  be  produced  by  the  interrupted  impulses  of  the  £ur,  and 
not  by  vibration. 

As  nearly  all  other  phenomena  of  sound  are  the  efiects 
of  vibration  of  elastic  bodies,  it  will  be  advantageous  to 
pay  close  attention  to  some  of  the  properties  of  elasticity. 
All  known  bodies  yield  or  are  compressed  in  a  slight 
degree,  when  they  are  struck  by  or  impinge  against 
another  hard  body;  and  the  bodies  which  are  termed 
elastic,  after  such  compression,  return  to  their  original 
shape;  but  other  bodies  have  the  property  of  elasticity 
only  in  a  very  low  degree. 

Elasticity  may  be  defined  to  be  the  property  which  enables 
the  particles  of  a  body  which  have  been  slightly  disturbed 
to  return  to  their  original  positions.  But  we  are  ignorant 
of  even  the  more  approximate  causes  of  elasticity,  and  we 
shall  remain  in  ignorance  of  many  similar  and  apparently 
very  simple   properties  of  bodies,   until  the  intimate  con- 
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stitution  of  matter  has  been  much  more  fUUjr  inrestigated 
than  has  yet  been  done. 

The  raotkyna  produced  by  elaatici^  are>  generally  rery 
smally  and  as  many  of  the  motions  of  sonorous  bodies  are 
of  this  nature,  some  of  the  pecoUarities  of  such  smalL 
motiona  demand  attention;  amongst  the  most  remarkable 
of  these  we  shaU  find  that  a  rery  large  mass  of  matter 
may  be  put  in  vibratory  motion  by  a  rery  small  force ;  for 
instance,  a  yery  slight  stroke  will  make  a  large  bell  sound; 
showing  that  although  ribratory  motion  is  not  altogether 
freed  from  the  obstacle  of  vis  inertue^  yet  the  vis  intrtuB 
is  easily  overeome,  from  the  circumstance  that  a  small  num- 
ber of  particles  are  at  first  moyed,  and  dien  commtmicate 
their  motions  from  one  to  another ;  and  in  Tibratory  motion 
the  particles  of  matter  move  upon  each  other  almost  without 
friction* 

Another  important  property  of  ribratory  motion,  ia  that 
of  accumulation  from  a  continuance  of  the  yibratory  force ; 
thus  a  yery  heayy  pendulum  may  be  set  in  motion  by  an 
apparently  yery  inadequate  force,,  applied  in  accordance 
with  its  time  of  vibration. 

Again,  yibratory  motion  communicates  itsdf  with  remark* 
able  freedom  to  all  the  particles  of  the  yibratory  body^ 
which  are  in  a  relative  yibratory  position ;  thus,  if  one  side* 
of  a  glass  goblet  be  struck,  the  vibration  is  instantly  com- 
municated to  the  other  side. 

If  a  solid  body  be  struck  in  almost  any  manner^  vibraition 
will  result,  and  will  communicate  itself  to  the  air,  so  that 
sound  will  be  heard.  If  the  body  struck  be  so  circumstanced 
that  it  cannot  vibrate  freely,  and  maintain  a  saecession  of 
regular  vibrations,  the  sound  produced  will  be  what  is  called 
noise ;  but  if  the  body  can  vibrate  regularly,  and  continue 
its  vibrations  at  a  rate  exceeding  sixteen  pulsations  in  each 
second  of  time,  a  musical  tone  will  be  produced,  more  or  less 
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acute  as  the  ptdsations  ai'e  frequent  t  ^oAd  the  tone  will  also 
be  of  a  fine  or  agreeable  quality  in  proportion  as  the  pulsa- 
tions are  uniform  and  free  frota  irregular  tibrations.  Thifs, 
if  a  eominon  table  bei  struck  the  sotmd  id  mei^ely  noise, 
for  althqugh  vibration  is  produced,  yet  the  piilsationtf  iJire 
irregular  and  do  not  continue,  for  the  material  and  form  of 
the  table  do  not  permit  uniform  or  equal  tibi'ationef ;  and  if 
the  parts  of  a  body  tibrate  in  diferent  and  discordant  p^iods, 
the  vibrations  check  each  othei",  afid  soon  cease.  6ut  if  k 
ben  or  a  plate  of  metal  freely  suspended  be  slti^ck,  the^ 
vibrations  produced  become  regular  in  their  periods,  are 
maintained  a  considerable  thne,  and  a  ifttisical  tone  is  ihef 
result.  The  velocity  of  the  tibrations  of  the  metal  is  found 
to  be  in  accordance  with  a  function  of  the  weight  and  the 
elasticity  of  the  metal  put  in  motiorn;  and  the  pitch,  oi' 
acuteness  of  the  sound,  is  always  it  accf6rdance  ^i&  the 
trtonber  of  vibrations  in  a  Second  of  time,  howevei'  the 
vibration  be  produced.  If  a  string  be  stretched  over  tw(y 
supports,  technically  called  bridges,  the  string  will  naturietlly 
feiiiain  at  rest  in  the  imaginary  line  between  the  supports, 
tod  if  removed  from  the  line,  will^  when  set  frecj  telurti  tof 
it,  but  the  acquired  velocity  causes  the  string  f6  pass  thcf 
line,  and  to  make  several  oscillations  on  each  side  of  it ; — ^ 
Ihese  ofifdllations  or  vibrations  communicate  themselvei^  to 
the  stitToundiiifg  aii*^  and,  as  in  the  former  examples,  musical 
tones  I'estilt;  and  th€l  number  of  vibrations  per  second  is 
fdiind  to  be  in  accordance  with  the  tension  and  the  mass  of 
(he  string,  llms,  if  a  string  be  stretched  by  a  given  weight 
and  the  tone  observed,  and  the  weight  be  then  dout>led,  the 
tone  ^01  be  found  to  be  eight  notes  or  an  octave  higher 
in  pitch  than  before,  the  velocity  of  the  vibrations  being 
douf^Ied;  and  if  a  string  of  half  the  weight  to  the  same 
length  be  substituted,  and  the  like  weight  be  used,  the  tone 
win  be  found  to  be  as  high  as  when  the  thicker  string  and 

s2 


Digitized  by  VjOOQ IC 


234 

the  two  weights  were  employed.  If  the  8trmg  be  shortened, 
(or  only  a  portion  of  it  permitted  to  ribrate),  the  tones  will 
be  found  strictly  in  proportion  to  the  length  vibrating.  Thus 
the  tone  produced  by  half  the  string  will  be  the  octave  of 
the  note  produced  by  the  whole  string. 

Not  only  do  plates,  strings,  and  solid  bodies  produce 
regular  vibrations,  but  also  the  air  and  gases.  But  to 
produce  regular  and  sensible  vibrations,  the  air  must  be 
confined  to  some  extent ;  for  mstance,  in  a  tube  either  open 
or  closed  at  one  end.  The  vibrations  of  a  column  of  wr 
are  very  similar  to  those  of  strings  in  many  respects,  but 
differ  materially  in  others.  An  open  diapason  organ  pipe 
of  32  feet  in  length  is  found  to  give  about  16  vibrations, — 
a  pipe  of  16  feet  gives  32  vibrations  per  second;  and  the 
vibrations  produced  by  shorter  pipes  are  in  like  proportion. 

But  the  weight  or  volume  of  the  air  vibrated  does  not 
materially  affect  the  pitch;  and  if  we  take  an  organ  pipe 
of  narrow  bore,  and  take  another  pipe  of  larger  bore  but 
of  the  same  length,  on  blowing,  a  tone  of  nearly  the  same 
pitch  will  be  produced.  If,  however,  the  tube  be  sounded 
by  warm  or  rarer,  instead  of  cold  or  denser  air,  the  pitch 
will  be  found  higher.  The  density,  therefore,  of  the  air  or 
gas  is  analogous  to  the  weight  of  the  string. 

There  are  no  correspondent  phenomena  of  tension,  and 
the  phenomena  of  actual  mass  and  weight  in  the  string  and 
in  the  column  of  air  are  quite  incongruous ;  but  the  apparent 
discrepancies  cease  when  we  consider  that  a  bar  of  iron  is 
capable  of  vibrating  longitudinally  as  well  as  laterally,  and 
that  it  is  most  probable  that  the  vibrations  of  a  confined 
column  of  air  are  altogether  longitudinal,  and  not  lateral, 
as  are  the  vibrations  of  the  string. 

The  vibrations  of  a  body  are  disturbed  or  prevented  by 
a  slight  obstacle,  but  when  the  disturbing  force  is  very 
slight,    the    stopping  of   the    vibrations    may  be    partial, 
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especially  if  the  portions  of  the  body  be  so  equally  divided  by 
the  obstacle,  that  two  or  more  are  left  capable  of  yibrating 
in  like  times;  and  having  also  seen  how  easily  sympathetic 
vibrations  are  induced^  we  shall  readily  comprehend  that 
vibration  will  be  communicated  from  one  part  of  the  body 
to  the  other  or  others*  Thus,  when  a  string  is  vibrated,  and 
the  finger  is  slightly  appliec^  exactly  at  the  middle  of  the 
string,  the  portion  touched  by  the  finger  cannot  vibrate, 
but  the  string  is  divided  into  two  halves,  each  of  which 
are  capable  of  vibrating  in  like  times,  and  the  string  will, 
therefore,  vibrate  in  two  portions,  producing  the  octave  of 
the  fundamental  note. 

In  like  manner,  if  the  string  be  touched  at  the  8rd,  4th, 
6th,  6th,  or  any  multiple  part  of  the  whole,  it  will  in 
vibrating  divide  itself  into  as  many  parts,  vibrating  in  unison, 
separated  by  points  at  rest,  which  are  termed  nodal  points. 

A  column  of  air  (Uvides  itself  into  different  vibrating 
portions  more  readily  than  a  string;  thus^with  the  flute, 
when  an  aperture  is  opened  at  the  1st,  3rd,  or  4th  of  the 
tube,  nodal  points  are  produced  in  like  manner  as  when  a 
string  is  touched,  and  similar  harmonic  tones  are  produced ; 
and  the  like  harmonies  are  also  produced  when  the  air  is 
more  strongly  introduced  into  the  instrument,  the  primary 
vibrations  being  more  accordant  with  the  production  of  high 
than  low  notes;  the  column  of  air  in  the  flute  may  thus 
be  divided  into  as  many  as  eight  part& 

The  vibrations  of  glass  goblets  o»  metallic  vessels  of 
similar  shapes  do  not  appear  to  give  the  strictly  funda- 
mental vibrations,  but  only  the  harmonic  corresponding  to 
the  4th  in  the  series  on  a  string;  for  the  hemispherical 
form  does  not  so  readily  permit  vibration  to  take  place 
by  the  change  of  the  entire  form,  as  by  a  change  of  form 
in  four  or  more  segments  alternating  with  each  other.  This 
appears  the  more  probable,  as  we  cannot  produce  the  vibra- 
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tion  correBpoiidinig  to  tho  Stb  on  the  8triog»  but  the  6th  is 
r^sadily  produced  when  the  glass  is  vibrated  by  a  violin 
bow. 

These  vibratiiHis  and  the  nodal  dirisiona  are  made  appa^ 
pei^  when  the  vibrated  vessel  ifii  about  half  full  ot  water, 
the  movement  on  the  surface  of  which  points  out  the 
number  of  division^  in  which  the  glass  vibrates. 

But  whep  plates  of  brass  are  employed,  and  the  vibrations 
fure  excited  by  ^  violin  bow,  harmonic  vibrj^tbns  may  be 
produced  to  a  very  considerable  extent;  and  as  waa,  I 
believe,  first  observed  by  ChMoi»  the  situation  of  the 
nodal  points,  which  in  these  instances  become  lines,  are 
very  b^utifuUy  shown  by  strewing  a  little  fine  sand  over 
the  plate,  and  which,  by  the  violence  of  the  vibration^  i> 
thrown  from  the  p^rts  of  the  plate  which  are  in  strong 
yibratioQ,  but  remains  on  the  lines  formed  by  the  portions 
between  the  parts  in  vibration  which  remain  quiescent 

It  might  be  supposed  that  the  harmonies  of  plates  would 
follow  in  similar  succession  to  those  produced  by  strings; 
but  this  is  not  the  case.  However,  the  anomaly  of  these 
tones  may  be  resolved  by  the  consideration  that  plates 
vibrate  difierently,  according  to  the  manner  in  which  they 
^e  suspended;  that  is,  a  long  plate  suspended  or  fixed 
at  both  ends^  in  a  situation  to  vibrate,  gives  tones  an  octave 
higher  than  a  similar  plate  fixed  at  one  end;  and  a  square 
plate  fixed  at  two  of  its  sides,  gives  similar  vibrations  to 
another  square  plate  of  four  times  the  area,  fixed  on  all 
its  side9 ;  as  will  be  readily  perceived  on  careftd  inspection 
of  the  figures  of  sand  on  such  plates.  And  it  will  be  seen, 
that  on  a  reduction  of  all  the  vibrating  portions  of  the 
plate  to  that  of  figures  bounded  or  fixed  on  all  sides,  the 
vibrations  will  be  those  of  ideal  plates  of  different  sizes; 
and  also  that  some  parts  of  the  plates  between  the  figures 
or  vibrating  portions  are  at  rest ;  thus  accounting  for  the 
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apparaeit  anomaly  of  the  tones  produced,  especially  where 
the  tcmes  differ  by  about  half  a  tone  from  that  of  the  true 
interral  of  the  proper  harmonic  tones. 

It  is  well  known  that  bells,  in  addition  to  the  primary 
▼ibrations,  which  are  similar  to  the  lower  tones  produced 
from  plates,  give  harmonic  yibrations  at  the  same  time. 
We  may,  therefore,  perceire  the  reason  of  the  great 
diffsrence  in  the  tone  of  large  bells;  all  haye  harmonic 
tones  in  addition  to  the  primary  tones,  but  from  differepces 
in  the  disposition  of  the  metal  of  the  bell,  there  may  be 
produced  harmonic  tones  discordant  to  the  primary  tones. 

The  appearance  of  progressiye  motion  may  be  produced 
by  bodies  moying  only  in  direction  transverse  to  that  of  the 
apparent  progressive  motion.  It  is  known  that  the  motion 
of  waves  on  the  surfitce  of  water  is  of  this  nature,  for  on 
observing  a  small  body,  as  a  piece  of  cork,  on  the  surfa^ce 
of  the  sea,  the  cork  is  seen  to  move  up  and  down,  but  does 
not  partake  of  the  apparently  rapid  onward  progress  of  the 
wave.     This  motion  we  will,  therefore,  term  wave  motion. 

But  in  observing  the  property  which  small  elastic  bodies 
possess  of  communicating  their  motions  one  to  another, 
and  yet  appearing  themselves  to  be  at  rest,  it  appears 
that  we  discover  a  path  which,  being  carefully  pursued, 
may  lead  us  to  right  apprehension  of  many  of  the  phe- 
nomena of  small  but  rapid  motions;  probably  of  those 
mysterious  agents  which  are  now  comprehended  under  the 
term  Actinism,  a  term  suggested  by  Sir  John  Herschell, 
and  agreed  by  the  Physical  and  Chemical  Sections  of  the 
recent  meeting  of  the  British  Association  at  York,  to  be 
for  the  future  the  general  designation  of  radiants,  whether 
light,  heat,  or  chemical  rays. 

By  means  of  a  few  marbles  suspended  by  threads,  it  will 
be  observed,  that  when  one  of  the  marbles  is  made  to 
impinge  against  the  others,   the  motion  is  communicated 
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through  the  line  with  greater  Telocity  than  the  impinging 
marble  would  travel  through  the  like  space,  and  that  the 
furthest  or  external  marble  is  driren  off  with  nearly  the 
same  velocity  as  the  impinging  one  had  acquired,  the  inter- 
mediate ones  remaining  apparently  at  rest,  (at  least  as 
regards  the  first  impulse.)  This  I  will  beg  to  term  motion 
by  impulse,  or  unpulsive  motion. 

It  is  easily  perceived  that  sound  is  not  the  actual  pro- 
gressive motion  of  the  whole  body  of  air  affected  by  it, 
for  the  motion  of  sound  is  not  generally  accompanied  by 
apparent  force,  (except  in  some  extreme  cases,  as  when 
windows  are  broken  by  the  sound  of  cannon) ;  and  as  I 
am  not  aware  that  any  other  species  of  motion,  other  than 
wave  motion  or  impulsive  motion,  or  one  of  these  combined 
with  a  small  amount  of  actual  motion,  have  been  suggested 
as  the  motion  of  sound,  we  will  endeavour  to  form  some 
opinion  whether  the  supposition  of  wave  motion,  or  of  pro- 
gressive motion,  is  the  most  probable,  and  which,  with  the 
least  difficulty,  supplies  the  explanations  required  by  the 
known  phenomena  of  sound. 

It  is,  I  believe,  a  very  general  opinion  that  the  progression 
of  sound  is  by  waves ;  this,  perhaps,  is  from  the  force  of 
early  impression,  from  the  comparison  of  the  formation  of 
sound  to  the  waves  of  water,  into  which  a  stone  has  been 
thrown.  This  simple  comparison  may  give  a  moderately 
good  idea  of  the  manner  in  which  sound  radiates  from  a 
centre,  but  I  cannot  agree  that  it  is  applicable  any  further. 

Again,  it  appears  that  in  the  earlier  age  of  experimental 
philosophy,  when  dogmatical  opinions  were  readily  received 
with  little  examination,  sound  was  considered  to  be  so 
decidedly  undulatory  in  its  nature,  that  it  supplied  an 
argument  by  analogy  that  light  was  of  a  similar  nature. 

The  undulatory  motion  of  the  segments  of  a  goblet  or  a 
plate,  and  the  waves  produced  on  the  surface  of  liquid  placed 
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on  a  yibrating  body,  gire  some  weight  to  the  supposition 
of  undalatory  motion  of  sound  in  its  transmission.  Sound 
is,  however,  transmitted  directly  from  the  yibrating  body, 
but  the  appearances  of  wave  motion  produced  are  not  in 
the  direction  of  propagation,  assumed  in  the  undulatory 
theory  of  light ;  that  is,  that  light  is  the  result  of  motion 
of  setherial  particles  at  right  angles  to  the  direction  in  which 
the  light  travels. 

In  all  the  instances  in  which  we  find  undulations  on  the 
surface  of  a  fluid,  we  shall  also  find  that  those  undulations 
are  the  effect  of  gravity  acting  tangentially  to  the  plane  in 
which  the  undulation  takes  place.  And  I  do  not  know  any 
palpable  instance  of  undulatory  motion  in  which  the  influence 
of  a  tangential  force  cannot  be  perceived ;  as  when  a  rope  or 
a  chain  is  made  to  undulate,  the  undulation  is  first  induced 
by  a  force  transverse  to  the  direction  in  which  the  rope  or 
chain  is  stretched.  But  we  cannot  discover  any  like  trans- 
verse or  tangential  force  necessary  to  the  propagation  of 
sound;  and  certainly  we  are  without  proof  that  any  transverse 
motion  does  take  place  in  the  progression  of  a  ray  of  sound. 
I  therefore  think  we  may,  as  regards  our  present  knowledge 
of  the  nature  of  sound,  reject  every  idea  which  would  assume 
a  motion  more  complicated  than  such  a  direct  motion  or  series 
of  impulses  as  will  serve  to  explain  the  various  observed 
phenomena. 

In  all  the  instances  of  vibration  producing  sound  which 
can  be  submitted  to  observation,  we  may  perceive  that  the 
motions  of  the  vibrating  body  are  such  as  to  push  away  the 
surrounding  air  by  a  series  of  regular  impulses,  and  that  the 
particles  of  dr  might  transmit  such  impulses  through  the 
surrounding  particles,  in  like  manner  as  the  suspended  line 
of  marbles  communicate  impulses.  And  in  examining  the 
motions  of  the  light  powders  on  the  vibrating  plates,  we  find 
evidence  of  a  direct  motion  of  the  air  from  the  plate,  but 
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none  of  any  transyerse  notion  of  the  air ;  for  the  particles 
are  raised  by  tke  current^  and  £»11  again  by  their  grayity, 
without  exhibiting  any  symptooui  of  transTerse  motion ;  for 
the  notion  of  the  air  from  the  sides,  to  supply  the  place  of 
that  driven  away,  must  not  be  considered  as  transverse  or 
undulatoryy  for  it  is  only  a  secondary  current;  and,  indeed, 
its  path,  though  curved^  is  not  of  an  undulatory  character* 
And  I  think  the  nature  of  the  vibrations  of  columns  of  air 
(as  in  the  organ  pipe)  gives  some  weight  to  the  idea  of  direct 
impulse;  for  the  pitch  is  dependant  on  the  length  of  the  pipe, 
and  is  affected  by  the  diameter  of  the  pipe  in  a  very  slight 
degree*  But  if  the  vibrations  were  of  an  undulatory  nature, 
that  is,  vibrating  from  side  to  side  of  the  pipe,  it  would  be 
probable  that  by  doujbling  the  diameter  of  the  pipe,  or 
increasing  its  internal  capacity  four  times,  the  tone  should  be 
two,  or  at  least  one  octave  lower.  But  doubling  the  diameter 
of  an  organ  pipe  does  not  lower  the  pitch  more  than  in- 
creasing its  length  by  about  one-thirtieth  part. 

It,  therefore,  appears  most  probable  that  the  production 
and  transmission  of  sound  is  by  direct  impulses ;  but  I  think 
we  ought  to  have  a  much  greater  weight  of  experimental 
evidence  before  we  allow  that  more  than  a  prima  facie  case 
is  made  out. 


The  Rev.  Dr.  Scoresbt  conceived  that  the  undulating 
theory  of  light  was  so  well  established,  that  it  was  assuming 
a  bold  position  to  attack  it  The  phenomena  afforded  by 
the  Solar  Spectrum  and  by  Newton's  Rings  were  afiSrmatory 
of  the  truth  of  this  theory,  and  had  been  proved  correct  by 
a  series  of  long  mathematical  investigations.  The  polarisa- 
tion of  light  added  a  further  proof  towards  the  fact. 

After  some  discussion,  Mr.  W.  S.  Wakd  replied  that  he 
thought  that  a  theory  of  light  assuming  its  materiality  and 
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transmidsion  by  impiiktsi  might  be  proposed,  yvhkih  should 
afford  similar  diUa  for  calculation  aa  the  received  undulatory 
theory ;  imi  tb^t  the  resulta  of  mathematical  iuTeetigation 
applied  to  such  matmal  or  impulsive  theory  would  also  be 
satidhctory :  also  that  he  was  of  opinion  that  many  of  the 
effects  of  interference  and  polarization  of  light  were  pfae* 
nomena  of  vision,  leading  to  inferences  much  at  variance 
with  the  undulatory  theory. 


Hbnrt  Habtop,  Esq.,  then  described  *<  The  Geology  of 
the  District  of  Wentworth,"  which  paper  will  not  be  pub- 
lished at  present,  as  the  Author  is  desirous  of  extending  his 
observations. 


At  the  request  of  the  Chairman,  Dr.  Heaton  then  read 
the  following  Paper : — 

ON   THB    MUTUAL    RBLATIONS    OP   ANIMAL   AND    VBQBTABLB 
BXISTBNCB.      BY    J.    D.   HEATON,    M.D,,    LBBDS. 

My  object  in  this  paper  will  be  to  point  out  some  of  the 
various  modes  in  which  the  continued  existence  and  integrity 
of  each  of  the  great  kingdoms  of  organized  nature  are  made 
to  be  dependant  upon  the  continuation  of  the  same  conditions 
on  the  part  of  the  other.  To  show  how  the  animal  races  of 
the  present  era  are  indebted  to  the  agency  of  vegetable  life 
in  former  geological  epochs  for  the  perfect  adaptation  of  our 
atmosphere,  and  of  the  superficial  strata  of  the  solid  globe, 
to  their  physical  requirements;  and  how,  by  the  mutual 
reactions,  and  counteractive  influences  of  plants  and  animals, 
the  atmosphere,  the  waters,  and  the  more  solid  materials  of 
the  surface  of  our  planet,  are  now  retained  permanently  in  a 
condition  most  exactly  adapted  to  the  necessities  of  both. 
Thus  evincing    most  clearly  that   animal,   vegetable,   and 
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mineral  are  all  the  results  of  the  agency  of  tme  Mind,  and 
tluit  a  Mind  of  benevolence  and  perfect  wisdouL 

It  will  be  seen  that  for  several  of  the  facts  and  conclusions 
adduced  in  this  paper,  I  am  indebted  to  the  writings  of 
organic  chenusts  of  our  own  day;  more  particularly  of 
Liebig,  Dumas,  and  Boussingault,  whose  penetration  and 
research  have  disclosed  to  us  so  many  fiu^ts  before  hidden, 
relating  to  the  more  remote  and  intimate  changes  which  take 
place  in  the  performance  of  the  functions  of  organised  beings. 
Besides  these,  the  views  of  botanists  and  physiologists  of 
our  own  country  have  been  likewise  considered 

Our  planet  is,  at  the  present  day,  surrounded  by  an 
atmosphere,  of  which  the  chemical  composition  is  clearly 
ascertabed ;  and  a  comparison  of  modern  analysis  with  those 
of  earlier  chemists,  prove  that  this  chemical  composition  is 
fixed  and  permanent,  being  79  parts  of  nitrogen,  21  of 
oxygen,  and  about  ^  part  by  measure  of  carbonic  acid,  in 
100  parts. 

But  there  are  strong  reasons  to  believe  that  at  earlier 
periods  in  the  geological  history  of  our  globe,  the  surround- 
ing atmosphere  was  much  more  strongly  impregnated  with 
carbonic  acid  gas  than  at  present.  Such  a  condition  of  the 
atmosphere,  though  incompatible  with  the  existence  of  the 
more  highly  developed  and  hot-blooded  animals,  would  be 
favourable  to  a  more  rapid  and  luxuriant  growth  of  plants 
than  can  be  supported  by  an  atmosphere  having  the  com- 
position of  that  which  we  now  respire.  Accordingly,  we 
find  in  the  coal  which  now  forms  so  important  an  article  of 
fuel,  the  evidence  and  the  remuns  of  so  luxuriant  a  vegetation. 
"It  was  the  conjecture  of  M.  Brongniart,  in  the  first 
instance  from  the  study  of  fossil  botany,  and  from  other 
geological  observations,  that  the  atmosphere,  at  the  time  of 
primitive  vegetation,  was  far  more  charged  with  carbonic 
acid  than  it  is  now,  and  that  it  was  this  which  not  only 
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enabled  gigantic  species  of  plants  to  develope  at  a  time 
when  there  was  little  soil  to  support  thein,«but  also,  in  some 
measure,  prerented  their  dead  remains  becoming  decomposed 
by  the  action  of  the  oxygen  of  the  atmosphere."*  ^^  It  is 
further  supposed/'  adds  Dr.  Lindley,  <Uhat  the  excess  of 
carbonic  acid  thus  assumed  to  have  existed,  which  would 
hare  been  fatal  to  air-breathing  animals,  was  gradually 
abstracted  from  the  atmosphere  by  plants,  until  the  air 
became  fit,  in  the  first  place,  for  the  respiration  of  reptiles, 
and  then  for  that  of  mammalia/' 

This  latter  particular  is  a  most  important  one  for  our 
present  consideration.  It  is  a  well-established  fact  in  the 
physiology  of  plants,  that  the  entire  efiect  of  Tcgetation  upon 
the  atmosphere  is  the  remoTal  of  carbonic  acid  gas,  which  is 
absorbed  by  the  green  parts  of  plants  into  their  tissues.  Here 
the  decomposition  of  the  gas  is  effected,  its  carbon  becoming 
fixed  in  combination  with  the  elements  of  water,  to  form  the 
constituents  of  freshly  developing  parts,  whilst  the  pure 
oxygen  is  again  discharged  into  the  atmosphere. 

Thus  we  can  understand  how  the  carbonic  acid  which 
loaded  the  atmosphere  in  a  more  early  period  in  the  history 
of  our  globe,  was  removed  by  the  action  of  a  luxuriant 
vegetation,  which,  having  fixed  the  carbon  in  its  own  tissues, 
became  itself  converted  into  fossil  coal;  fitting  the  air  for 
the  respiration  of  man  and  other  hot-blooded  animals,  and 
providing  for  him  abundant  stores  of  the  most  valuable  fuel. 
The  coal  which  we  bum  upon  our  hearths  and  in  our 
furnaces,  was  formerly  carbonic  acid  diffused  through  the 
air ;  and  the  effect  of  its  combustion  at  the  present  day  is, 
to  restore  it  to  the  atmosphere  again  in  the  same  state  of 
gaseous  combination. 

Vegetation  is  still  exerting  the  same  influence  upon  the 
atmosphere  as  in  former  times,  in  proportion  to  its  amount 

*  Lindley  and  Hutton*8  Fotsil  Flora,  vol  i.,  pre&ce,  page  21. 
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And  Actitity;  bat  the  composition  of  the  atmosphere  had 
remained  nnaltered  since  man  has  appeared  upon  the  earth — 
probably  since  hot-blooded  Animals  have  peopled  the  surface 
of  our  globe.  Animals,  like  plants,  exert  a  marked  influence 
upon  the  aerial  medium  in  which  they  live,  only  this  is  of  an 
exactly  opposite  nature  to  that  exerted  by  vegetation.  A 
portion  of  the  oxygen  drawn  into  the  lungs  of  an  animal  at 
each  inspiration  is  retained,  and  expiration  discharges  into 
the  air,  in  its  stead,  an  equal  volume  of  carbonic  acid  gas. 
The  removal  of  pure  oxygen,  and  the  substitution  of  carbonic 
acid,  is  the  constant  and  invariable  effect  of  all  animal  respi- 
ration. An  animal  confined  in  a  limited  portion  of  air  soon 
deteriorates  this  so  much  by  the  process  of  respiration,  that 
the  air  is  incapable  of  any  longer  subserving  this  function, 
and  the  animal  dies  suffocated.  It  might  be  feared  that  the 
constant  action  of  the  whole  animal  kingdom  upon  the  entire 
of  our  atmosphere,  would  in  like  manner  so  deteriorate  the 
whole  mass  as  to  fender  it  unfit  for  respiration,  when  aH 
animal  life  must  cease ;  but  we  have  seen  that  vegetable  life 
produces  a  precisely  opposite  effect,  and  by  this  mutual 
counteraction,  an  unvaried  state  of  the  air  is  constantly 
preserved  during  the  present  era  of  the  world's  history. 

The  infrequency  of  animal  remains  in  the  strata  which  rec- 
present  that  early  period  in  the  geological  history  of  our  earth 
to  which  we  have  before  adverted,  when  our  coal  beds  were 
living  forests,  leads  to  the  conclusion  that  animals  were  as  yet 
few  in  number ;  and  they  were  chiefly  aquatic  or  cold-blooded 
animals,  whose  slow  respiration  would  be  quite  incapable  of 
countervailing  the  effects  upon  the  atmosphere  of  an  active  and 
crowded  vegetation^  l^nce  that  period,  annual  Kfe  is  shown, 
in  like  manner,  by  the  examination  of  fossil  remains  in  the 
strata  of  more  recent  formation,  to  have  been  gradually  on 
tlie  increase  ifi  respect  to  numbers,  and  to  have  presented 
beings  more  highly  organised,  whose  active  respiration  would 
more  decidedly  antagonise  the  effects  of  vegetable  life ;  which 
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effect  has  been  Kkewise  faroured  by  the  dimiifutioK  in  the 
numbers  and  Inxvtriaaej  of  the  vegetable  kingdom,  as  plants 
gradually  exhausted  the  air  of  that  stimulus  to  their  grotrtK 
^^he  carbonic  acid.  <^  At  length,**  says  Liebig,  '<  mem 
appeared  npon  earth,  and  the  air  since  then  has  beeff 
rendered  constant  in  its  composition/* 

From  these  considerations,  it  is  evident  that  each  of  the 
great  kingdomer  of  organized  nature  is  mutually  dependamt 
upon  the  other  for  its  continned  eiListence*  Had  animals 
never  been  created,  vegetatioti  must  in  time  have  e^^hausted 
the  air  of  carbonic  add,  and  plants  must  then  have  ceased 
to  live*  Oto  the  other  hand,  an  animal  kingdom  alone  would 
in  time  so  diminish  the  amount  of  uncombined  oxygen,  and 
increase  tbe  amount  of  carbonic  acid,  as  to  render  the  air 
irrespirable,  and  all  its  species  must  dio  suffocated.  Liebig 
81^8,  *^  The  presence  of  a  rich  and  luxuriant  vegetation 
may  be  conceived  without  tbe  concurrence  of  animal  life ; 
but  tbe  existence  of  animals  is  undoubtedly  dependant  upon 
Ae  life  and  dev^pment  of  pknts."  But  it  is  evident  thai 
neither  vegetation  nor  animal  life  could  be  permanent  without 
the  co^existence  of  the  other. 

It  is  proper^  however,  to  state  here,  thait  Dumas  and 
Bousedngaidt  have  made  a  calcukction,  according  to  which 
it  would  require  a  period  of  800,000  years  for  animal 
respiration  entirely  to  convert  all  the  free  oxygen  of  our 
atmosphere  iwto  carbonic  acid,  supposing  the  counteracting 
effect  of  vegetation  to  be  entirely  arrested ;  and  that  it  would 
only  be  afker  the  lapse  of  10,000  years^  that  the  change 
produced  in  the  atmosphere  would  become  at  all  appre^ 
ciable.  From  this  it  woidd  appear  that  even  bad  we  not  the 
benefit  of  the  reducing  action  of  vegetation  upon  carbonic 
acid,  still,  during  tbe  period  over  which  the  history  of  our 
own  race  extends,  any  change  in  the  composition  of  the 
atmosphere  would  be  quite  inappreciable. 
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But  before  we  determine,  upon  these  statements,  quite  to 
disregard  this  action  of  plants  as  unimportant  and  unworthy 
of  notice,  we  must  consider,  in  the  first  place,  that  the  oppo- 
site effects  of  animal  and  of  vegetable  life  are  quite  certain, 
and  that  the  only  question  is  one  of  time ;  viz.,  in  what  time 
would  the  action  of  either  prove  injurious  if  uncounteracted 
by  the  other.  And  likewise  we  must  notice  the  great 
uncertainty  and  liability  to  error  to  which  these  calcula- 
tions of  MM.  Dumas  and  Boussingault  are  liable.  They 
estimate  the  population  of  our  globe  at  1,000,000,000  of 
men;  and  the  entire  animal  creation  at  three  times  this 
number ;  then,  knowing  the  effect  of  the  respiration  of  a 
single  man  upon  the  oxygen  of  the  air  in  a  given  time,  it  is 
easy  to  calculate  the  action  of  the  entire  animal  creation, 
according  to  this  computation,  upon  the  total  amount  of 
oxygen  in  our  air.  But  who  can  undertake  to  determine, 
with  any  show  of  probable  correctness,  at  what  sum  the 
entire  amount  of  the  brute  creation  is  to  be  estimated — 
quadrupeds  and  birds,  and  fishes  and  insects  innumerable,  on 
the  earth,  and  under  the  earth,  and  in  the  waters  ?  Moreover, 
even  supposing  the  correctness  of  their  calculations,  we  must 
remember  that  animal  respiration  is  merely  one  amongst 
many  other  changes  which  are  constantly  going  on  in  the 
material  world,  the  effect  of  which  is  to  cause  the  removal 
of  uncombined  oxygen,  and  the  development  of  carbonic 
acid.  The  principal  material,  in  the  various  substances 
made  use  of  as  fuel,  is  either  carbon,  or  some  compound 
containing  a  large  proportion  of  this  element ;  and  its  com- 
bustion consists  in  a  rapid  combination  with  oxygen,  by 
which  this  gas  is  converted  into  the  carbonic  acid,  attended 
with  the  development  of  an  elevated  temperature.  When 
we  consider  to  what  a  great  extent  the  combustion  of  coal 
is  constantly  going  on  in  a  manufacturing  country  like  this 
in  which  we  live,  (that  is,  how  rapidly  the  carbon  of  the 
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carbonic  acid  of  the  primeval  atmosphere  is  being  restored 
to  that  condition  by  artificial  means^  in  the  present  day,)  we 
must  be  convinced  that  this  is  an  important  item  amongst 
the  causes  which  remove  oxygen  from  the  air,  and  substitute 
carbonic  acid.  Besides  this  there  are  many  processes  con- 
stantly being  carried  on  in  the  laboratory  of  nature,  which 
produce  one  or  other  of  these  effects  upon  the  atmosphere. 
Amongst  those  which  are  constantly  introducing  large  volumes 
of  carbonic  acid,  we  may  mention  the  active  volcanos  of  the 
old  and  new  world,  more  especially  the  latter.  Amongst 
those  causes  by  which  oxygen  is  removed,  we  may  mention 
the  constant  action  of  dead  matters  upon  the  oxygen  of  the 
air,  this  gas  entering  into  combination  with  their  elements. 
It  is  thus  that  metals  rust,  that  rocks  and  buildings  moulder 
away,  that  dead  animal  and  vegetable  substances  decompose 
and  putrefy,  and  that  change  and  decay  gradually  invade 
all  material  substances,  even  the  most  durable.  These  are 
effects  which  we  popularly  attribute  to  time ;  but  there  is  no 
necessary  connection  between  the  lapse  of  ages  and  the  decay 
of  material  existences ;  this  is  due  to  the  action  of  oxygen, 
and  to  other  chemical  and  physical  agencies  constantly  at 
work,  but  which,  working  slowly,  require  time  to ,  display 
their  results ;  and  if  these  were  arrested,  time  would  pass 
by  innocuous.  Or,  to  resume  the  metaphor,  these  are  the 
scythe  of  time,  armed  with  which  his  power  is  irresistible; 
but  which  taken  out  of  his  hands  would  be  inoperative,  and 
deprived  of  which  he  himself  would  become  harmless. 

It  is  no  improbable  conclusion,  as  we  conceive,  that  all 
these  agencies  which  we  have  enumerated,  acting  similarly 
upon  the  atmosphere,  would  (were  they  unopposed)  produce 
in  it  an  appreciable  deterioration,*  within  a  comparatively 

*  Were  any  change  produced  in  the  atmosphere  by  theae  causes,  it  would  be 
permanent  and  constantly  increasing;  and  though,  for  a  short  time,  such  a 
change  might  not  be  injurious  to  the  health  of  animals,  yet  in  the  course  of 
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limited  period ;  and  the  only  counteractiye  influence,  of  the 
least  moment,  which  is  known  to  be  in  operation,  is  the  action 
of  vegetation. 

But  passing  from  the  relations  which  exist  between  the 
plant  and  the  animal,  having  a  reference  to  their  effects  upon 
the  air  in  which  they  reside,  we  must  proceed  to  consider 
some  of  the  phenomena  of  their  nutrition. 

As  a  general  statement,  there  is  one  marked  distinction 
between  the  materials  for  the  nutrition  of  the  beings  belong- 
ing to  these  two  great  kingdoms  of  nature ; — the  plant  can 
appropriate  only  such  principles  as  are  strictly  inorganic; 
the  food  of  the  animal  must  consist  of  organized  substances, 
or  the  organic  principles  derived  from  such.  Any  exceptions 
which  might  be  made  to  this  rule  are  quite  unimportant  for 
our  present  purpose ; — thus,  it  may  be  said,  that  water  and 
chloride  of  sodium,  (common  salt),  and  perhaps  other  salts, 
though  quite  inorganic,  are  strictly  alimentary  to  the  animal; 
and  amongst  plants,  those  which  are  parasitic,  as  the  mistle- 
toe or  the  dodder,  derive  supplies  from  the  juices  of  the 
plants  on  which  they  grow,  which  contain  organic  principles ; 
and. the  whole  of  the  fungi  are  probably  likewise  an  excep- 
tion to  the  rule,  and  their  action  upon  the  air  b  likewise 
anomalous. 

Passing  by  these  limited  and  unimportant  exceptions, 
the  statement  I  have  made  is  virtually  correct.  Animals, 
therefore,  are  incapable  of  adding  to  the  total  amount  of 
existing  organic  matter;  as  they  increase  in  size  or  num- 
bers, it  is  only  by  appropriating  to  themselves  matter  already 
possessing  the  form  of  organic  compounds.      But  by  the 


yean,  it  might  prove  incompatible  with  heahb,  or  even  deitnictiye  to  life ;  and 
this,  perhaps,  before  Chemistry  could  detect  any  departure  from  the  previous 
ooncfition.  The  endemic  miasmata  causing  fever,  and  those  more  migratory 
derangements  of  the  air,  giving  rise  to  epidemic  diseases,  are  quite  imperceptible 
by  the  most  delicate  chemical  analysis. 
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death  and  subsequent  decomposition  of  their  bodies,  and  by 
the  constant  remoral^  in  various  ways,,  of  effete  ejecta, 
matter  which  has  previously  exbted  in  the  state  of  organic 
compoands  in  animal  bodies,  is  constantly  being  reduced 
to  an  inorganic  state.  Were  it  not  the  .case,,  therefore, 
that  the  vegetable  kingdom  continually  produces  fresh  sup- 
plies of  organic  compounds,  animal  life.. must  gradually 
diminish  and  disappear.  Directly,  or  indirectly,  all  animals 
derive  their  support  from  vegetable  substances.  Herbivo»- 
rons  animals  convert  their  vegetable  food  into  the  materials 
of  their  own  bodies;  and  these,  in  th^  turn,  become  the 
fiM>d  of  the  rapacious  camivora. 

The  conversion  of  the  flesh  of  one  animal  into  the  living 
body  of  another,  by  the  digestive  and  assimilative  processes, 
may  seem  to  be  a  change  simple  and  easily  effected,  the 
organic  chemical  principles  of  which  both  are  composed 
being  the  same.  But  the  conversion  of  vegetable  substances 
in  the  bodies  of  herbivora,  into  their  own  tissues,  has  been 
genially  supposed  to  require  a-greater.  change  in  the  chem- 
ical composition  of  such  aliments,  and  to  imply  a  greater 
exercise  of  vital  chemistry.  Modem  researches,  however,  in 
organic  chemistry,  (and  more  particularly  by  Liebig,  who  has 
added  so  much  to  our  knowledge  in  this  branch  of  the  science,) 
have  shown  that  those  chemical  principles,  of  which  the  tissues 
of  animals  are  built  up,  are  present  in  vegetable  substances, 
though,  in  such,  forming  only  a  small  proportion  of  the 
whde;  but  most  abundant  in  those  which  are  best  ^idapted 
to  serve  as  food  for  animals. 

As  this  is  one  very  important  illustration  of  our  subject, — 
showing  how  intimate  and  exact  are  the  adaptations  of  one 
of  the  great  kingdoms  of  organized  beings  to  the  require- 
ments of  the  other, — I  shall  attempt  a  very  brief  outline  of 
the  facts  bearing  upon  this  points 

•  The  principal  chemical  compounds  containing  nitrogen,  or 
azote,  of  which  the  tissues  of  animals  consist,  are  albumen, 

T  2 
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fibrine,  and  caaeine ;  and  these  three  principles  have  a  strict 
chemical  identity  with  what  are  found  in  vegetable  substances^ 
under  the  names  respectively  of  vegetable  albumen,  gluten, 
(when  in  a  pure  state),  and  vegetable  caseine.  These  are 
the  principles  which,  though  present  in  vegetable  substances 
in  but  small  proportion,  are  yet  the  most  abundant  in  those 
which  are  best  adapted  as  food  for  animals,  and  such  as  are 
most  nutritious ;  for  instance,  in  the  grains  of  the  various 
cerealia,  peas,  beans,  &c. ;  and  it  is  very  interesting  to 
observe,  (as  affording  an  evident  instance  of  special  adapts^ 
tion,)  that  such  substances  likewise  particularly  abound  in 
those  earthy  salts  which  enter  into  the  composition  of  the 
bodies  of  animals,  and  form  the  chief  part  of  the  more  solid 
organs  of  support — ^the  bones,  and  which  are,  therefore, 
required  to  be  present  in  their  food.  Other  vegetable 
aliments,  which  contain  much  less  of  these  azotized  prin- 
ciples, (such  as  potatoes,  turnips,  carrots,  clover,  hay,  &c,) 
are  less  nutritious,  and  a  larger  amount  is  required  to  afford 
a  satisfactory  meal.  Thus,  a  horse  eats  a  much  larger 
quantity  of  hay  to  satisfy  its  appetite  than  it  would  of  oats, 
or  other  corn.  But  besides  these  azotized  principles,  animal 
bodies  possess  some  chemical  compounds  which  contain  no 
nitrogen;  such  are  the  animal  fats  and  gelatine;  and  by 
far  the  greater  part  of  all  vegetable  growths  consist  of 
non-azotized  principles;  such  are  starch,  gum,  sugar,  and 
vegetable  fixed  oils,  which  are  much  employed  as  aliment 
for  man  and  other  animals,  (though  less  nutritious  than  the 
azotized  principles  previously  mentioned,)  and  lignin,  which 
is  commonly  not  regarded  as  an  alimentary  principle. 

With  these  facts  before  him,  Liebig  has  been  led  to 
consider  the  converting  powers  of  the  digestive  organs  of 
herbivora,  as  being  much  more  limited  than  has  been  sup- 
posed to  be  the  case  by  former  physiologists ;  and  maintains 
that  in  the  food  of  herbivora,  it  is  only  that  amount  of  the 
azotized  principles,  identical  with  those  in  the  tissues  of 
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animaLs,  which  is  capable  of  sustaining  the  growth  or 
continued  integrity  of  such  tissues;  and  that  the  non- 
azotized  constituents  of  the  food,  may  be  capable  of  con- 
version into  fat  or  gelatine,  or  may  serve  an  important 
purpose  connected  with  the  function  of  respiration,  and  the 
maintenance  of  the  elevated  temperature  of  animal  bodies, 
which  will  be  afterwards  explained, — or  are,  otherwise,  merely 
excrementitious*  This,  however,  seems  to  be  a  hasty  and 
questionable  conclusion.  When  we  consider  that  carrots, 
turnips,  and  other  esculent  roots,  and  more  especially  the 
tubers  of  the  potato,  consist  almost  exclusively  of  non- 
azotized  principles,  together  with  small  proportions  of  earthy 
salts, — ^that  these  are  found  to  be  decidedly  nutritious, — 
and  that  the  potato  forms  so  important  an  article  of  food 
to  the  poor,  particularly  the  Irish  peasantry,  who  have 
muscles  and  sinews  like  other  persons,  and  are  not  more 
remarkable  for  their  fat  than  those  who  enjoy  a  more 
highly  azotized  food, — we  shall  perhaps  be  inclined  to  ques- 
tion the  validity  of  Liebig's  theoretical  conclusion.  It  will 
also  appear  the  more  questionable,  when  we  find  a  direct 
proof  that  animal  bodies  do  possess  a  converting  power 
over  the  materials  of  their  food,  by  which  an  azotized  prin- 
ciple is  formed,  difiering  from  any  present  in  the  food.  It 
is  a  remark  of  Pereira's*  upon  this  point,  that  Liebig 
himself  acknowledges  that  the  chief  constituent  of  nervous 
matter  is  a  peculiar  chemical  principle,  which  is  formed  in  the 
animal  body  exclusively,  not  being  found  in  any  vegetable 
substance,  and  which  the  purely  herbi?orous  animal  must, 
therefore,  be  constantly  forming  de  novo.  Urea,  likewise, 
and  other  azotized  excrementitious  matters,  must  be  con- 
stantly forming  in  the  body,  from  the  elements  of  effete 
particles  previously  having  some  other  arrangement 

«  Dr.  Pereira  on  Food  and  Diet,  p.  189. 
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I  shall  only  add,  that  there  is  no  difficulty  in  suggesting 
probable  sources  from  which  nitrogen  might  be  derived  for 
combination  with  unazotized  alimentary  principles ;  and  that, 
from  all  these  considerations,  there  seems  sufficient  reason 
to  believe,  contrary  to  the  opinion  of  Liebig,  that  the 
digestive  and  assimilative  functions  of  herbivorous  animals 
do  possess  a  sufficient  converting  pov^er  to  form  muscular 
tisdue,  or  other  tissues  composed  of  azotized  principles,  from 
non-azotized  alimentary  substances. 

One  important  office  is  attributed  by  Liebig  to  non- 
a2otized  substatices  taken  as  food  by  animals,  which  was 
before  alluded  to,  and  which  must  now  be  briefly  explained. 
This  is  its  subserviency  to  the  maintenance  of  the  elevated 
temperature  of  the  animal  body,  through  the  medium  of 
the  respiratory  function. 

'  This  function  consists  essentially  in  the  inhalation  of 
oxygen  gas  into  the  lungs,  from  whence  it  is  absorbed  into 
the  blood,  where  it  enters  into  a  chemical  combination 
with  portions  of  the  carbon  and  hydrogen  of  some  of  the 
principles  it  there  meets  with,  and  is  again  discharged  from 
the  lungs  as  carbonic  acid  gas  and  watery  vapour. 

Whenever  this  combination  of  a  combustible  with  oxygen 
is  effected,  it  is  accompanied  with  a  development  of  caloric, 
more  or  less,  according  as  the  combination  is  more  or  less 
rapid  and  extensive ;  it  is,  in  fact,  combustion^  and  is  of  the 
same  essential  nature  whether  it  take  place  with  rapidity, 
as  in  the  burning  of  fuel  in  our  fire-places,  or  of  gas  in  our 
lamps ;  or  more  slowly,^  as  in  a  damp  hay-stack,  or  by  the 
process  of  animal  respiration.  To  this  action,  constantly 
going  on  during  the  life  of  the  animal,  physiologists  now 
attribute  that  elevated  temperature  which  its  body  maintains 
during  the  same  period. 

The  sources  of  the  carbon  and  hydrogen  employed  in  this 
function  may  be   various;  when  food  has  been  fully  and 
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regularly  supplied  to  the  animal,  they  may  be  partly  derived 
from  portions  of  this  supply  which  have  recently  entered  the 
blood  from  the  digestire  organs,  and  which  have  not  yet 
become  completely  assimilated.  When  the  animal  has  been 
stinted  in  its  supply  of  food,  or  altogether  deprived  of  this, 
tibe  combustible  elements  to  be  consumed  by  this  function 
of  respiration  must  be  derived  from  the  materials  of  which 
the  living  body  of  tiie  animal  has  consisted ;  and  thus  that 
emaciation  be  produced  which  is  the  known  result  of  starva- 
tion, or  an  insufficient  supply  of  food. 

The  non-asotized  aliments,  containing  both  these  combus- 
tible elements,  viz.,  carbon  and  hydrogen,  are  well  adapted 
(independentiy  of  their  directly  nutritive  properties)  to 
subserve,  indirectly,  the  nutritive  function,  by  supplying 
some  portion  of  the  materials  required  for  the  function  of 
respiration,  and  thus  preventing  a  too  rapid  consumption 
of  the  tissues  of  the  living  body,  by  the  oxygen  which  is 
inhaled  at  each  breath;  but  it  is  not  to  be  supposed  that 
non-azotized  food  exclusively  is  subservient  to  this  important 
office,  which  we  have  thus  endeavoured  to  explain ;  but  that, 
in  this,  all  alimentary  substances  take  a  share ;  for  all  are 
rich  in  carbon  and  hydrogen,  the  important  elements  for  this 
purpose. 

In  conclusion,  I  would  remark  that  innumerable  applica- 
tions of  vegetable  substances,  rendering  them  subservient  to 
the  comfort  or  luxury  of  animals,  more  particularly  man, 
might  be  mentioned,  but  which  are  not  dwelt  upon  here, 
as  not  being  relations  of  that  essential  nature  to  which 
our  present  subject  alone  refers.  Such,  for  instance,  are 
the  use  of  timber  in  the  construction  of  our  houses,  or 
of  vegetable  drugs  for  the  cure  of  our  diseases.  Had 
we  no  timber,  we  might  substitute  stone  or  metal;  had 
we  no  vegetable  drugs,  we  might  depend  upon  mineral 
remedies    or  the  unaided    efforts  of   nature.      But  were 
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animals  deprived  of  all  vegetable  food,  (to  take  an  instance 
from  the  subjects  we  have  treated,)  mineral  substances 
could  afford  them  no  support;  and  by  feeding  solely  on 
each  other,  animal  life  would,  (as  we  have  seen,)  be 
gradually  exterminated;  organized  bodies  would  be  con- 
stantly passing  into  the  state  of  inorganic  matter,  without 
any  provision  for  a  fresh  supply. 

All,  however,  whether  relations  of  necessity  or  merely 
of  convenience,  combine  to  illustrate  the  perfect  adaptation 
of  the  various  kingdoms  of  nature  to  each  other,  and  the 
unity  of  design,  the  wisdom  and  the  benevolence,  which  have 
presided  over  their  creation. 


THE  EVENING  MEETING. 

The  Chair  was  again  taken  by  John  Waterhouse,  Esq., 
when  the  following  Paper  was  read 

ON     LIME     AND     ITS     USES     IN    AGEICULTURE.      BY    HENRY 
BRIGGS,    ESQ.,    OF    OVERTON,    NEAR    WAKEFIELD. 

It  has  been  truly  said,  that  what  is  called  Earth  or  Soil 
is  a  most  heterogeneous  compound,  and  when  analyzed  is 
found  to  comprise  matters  of  the  most  opposite  characters, — 
neutralizing  and  combining  with  each  other,  when  in  due 
proportions,  so  as  to  form  one  harmonious  whole.  The 
first  grand  division  which  may  bo  made  in  soils,  is,  into 
the  inoTganic  and  organic  constituents,  or  such  as  have  been 
derived  from  the  disintegration  of  the  rocks  forming  the 
crust  of  the  earth,  and  such  as  have  been  produced  from 
the  decay  of  vegetable  or  animal  matter.  In  most  fertile 
soils  the  former  (inorganic)  constitute  95  per  cent  or  even 
more,  of  the  whole  bulk,  leaving  only  five  or  less  per  cent, 
of  organic  or  vegetable  matter.  The  chief  inorgcmic  con- 
stituent of  the  soil  is  sand,  forming  in  much  fertile  land 
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even  S-lOths,  or  80  per  cent,  of  the  whole.  The  next 
preponderating  ingredient  is  alumina  or  clay,  and  after  that 
comes  Lime,  a  constituent  of  immense  importance,  and 
which  I  have  chosen  for  the  subject  of  the  present  paper. 
Lime,  that  is,  pure  Lime,  is,  chemically  speaking,  a  com- 
pound of  a  metal  called  calcium,  (which  is  enumerated 
amongst  the  simple  or  undecomposible  substances,)  and 
oxygen,  (another  of  the  simples  or  elements,)  or  in  other 
words,  it  is  an  oxide  of  calcium — being  composed  of  twenty 
parts  of  the  metal  to  eight  parts  of  oxygen.  It  has  alkaline 
properties,  and  is  capable  of  forming  neutral  Salts  when 
combined  with  acids.  It  is  slightly  soluble  in  water,  one 
pound  requiring  for  solution  seven  hundred  times  its  own 
weight  of  water.  It  has  a  great  affinity  for  carbonic  acid, 
and  cannot  be  left  for  any  length  of  time  exposed  to  the 
atmosphere  without  thence  imbibing  that  acid,  by  which  its 
weight  is  nearly  doubled,  as  they  combine  in  the  proportion 
of  55  of  Lime  to  45  of  carbonic  acid.  It  is  then  called  Car- 
bonate of  Lime,  and  it  is  in  this  state  that  it  is  generally  met 
with  in  nature.  It  is  never,  I  believe,  found  in  its  caustic 
state,  or  in  the  form  of  Quick  Lime,  except  sometimes  in 
the  craters  of  volcanoes,  where  the  heat  has  dispelled  the 
carbonic  acid.  The  other  forms  in  which  it  has  been 
discovered  to  any  extent  are,  as  combined  with  sulphuric 
acid,  forming  Sulphate  of  Lime  or  Gypsum;  and  in  some 
districts  in  conjunction  with  phosphoric  acid,  in  the  state  of 
phosphate  of  Lime,  which  is  the  chief  fertilizing  ingredient 
of  bones:  but  my  observations  will,  on  this  occasion,  be 
confined  to  its  uncombined  form  as  Quick  Lime,  and  as  a 
carbonate. 

No  doubt,  all  who  are  now  present  are  aware  that  in 
order  to  convert  Limestone,  or  in  other  words  the  carbonate, 
into  Quick  Lime,  it  is  subjected  to  a  red  heat  in  a  kiln  for 
some  days;   by  which  the  carbonic  acid  is  driven  off,  and 
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the  stone  loses  nearly  one  half  its  weight  Thk  carbonic 
acid,  nrhich  is  in  a  gaseous  state,  is  the  same  as  what  is 
commonly  called  choke  damp,  and  whose  presence  has  so 
often  proved  fatal  to  parties  descending  into  pits  or  wells 
that  have  not  been  properly  ventilated.  As  an  instance  of 
its  injurious  effects,  I  may  here  mention  that  at  a  colliery 
in  which  I  am  engaged  at  Newton,  near  Castleford,  where 
Our  pit  is  sunk  through  a  thick  stratum  of  Limestone,  we 
have  let  the  burning  of  Lime  to  a  party  who  has  now  opened 
an  extensive  quarry,  and  in  the  course  of  his  workings  has 
excavati&d  the  stone  within  a  few  yards  of  some  cottages. 
He  formed  one  of  his  kilns  against  the  side  of  the  rock, 
(which  is  very  open  and  full  of  seams,)  next  to  the  cottages, 
and  during  the  progress  of  the  burning,  the  dispelled  car- 
bonic acid  found  its  way  through  the  crevices  into  the 
cellar  of  the  nearest  cottage,  Which  was  excavated  out  of 
the  same  stone.  Tbe  consequence  was,  that  the  wife  of 
the  inhabitant  of  tbe  house,  one  morning,  on  descending 
Into  the  cellar,  was  seized  with  giddiness,  and  had  great 
difficulty  in  again  ascending,  when  she  fainted.  Supposing 
that  this  was  merely  an  accidental  attack,  and  before  the 
true  cause  was  ascertained,  a  second  and  a  third  person 
were  similarly  afifected.  The  kiln  which  had  caused  this 
catastrophe  was  afterwards  speedily  altered,  so  that  the 
heated  mass  of  stone  should  not  come  in  contact  with  the 
face  or  side  of  the  quarry,  and  all  symptoms  of  choke 
damp  were  then  removed. 

Carbonate  of  Lime  is  found  in  many  parts  of  England, 
in  large  quantities,  and  in  different  states  of  purity.  Geolo- 
gically considered,  it  is  discovered  to  exist,  more  or  less, 
in  almost  all  the  different  strata  of  the  Olobe,  whether 
consisting  of  the  primary,  secondary,  or  tertiary  rocks, 
sometimes  in  seams  of  many  yards  in  thickness,  composed 
of  little  else  but  the  carbonate,  and  at  other  times  forming 
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onlj  a  Bmall  per  centage  in  the  oomposition  6f  the  etrata* 
The  meet  pure  Carboniate  of  Lime  is  the  statuary  marble, 
and  the  clear  cilleareous  spars;  but  in  the  common  form, 
as  used  for  agriculture,  {ind  for  cements,  it  i^  generally 
combined  with  an  appreciable  quantity  of  silex  and  alumina 
tod  often  coloured  by  its  containing  a  small  portion  of  iron. 
Lime,  when  in  the  state  Of  a  cari)onate,  is  insoluble  in 
pure  water,  but  if  the  water  contain  carbonic  acid,  (which 
is  generally  the  case  with  that  bsuing  from  springs,)  then 
it  possesses  the  power  of  dissolring  a  small  portion.  It 
is,  however,  a  curious  circumstance,  that  this  capability  is 
greater  at  the  common  temperature  of  the  atmosphere, 
than  when  of  greater  heat  This  is  the  reason  "why  sedi- 
ment occurs  in  boilers  in  which  water,  holding  carbonate 
of  Lime  in  solution,  is  nsed,  as  the  carbonic  acid  is  dispelled 
by  the  heat,  the  absence  of  which  incapacitates  the  water 
from  any  longer  retaining  the  Litne.  To  shew  a  specimen 
of  water  containing  Lime,  I  haye  brought  a  small  quantity 
from  a  pump  which  we  have  on  our  premises  at  Overton, 
to  which,  if  I  add  a  few  drops  of  oxalate  of  ammonia, 
(which  is  a  delicate  test  of  the  presence  of  Lime,)  you 
inll  observe  an  immediate  precipitate.* 

Lime  is  such  an  all-pervading  substance  in  the  different 
strata  of  the  earth,  that  few  springs  are  devoid  of  it,  in 
one  compound  state  or  other,  but  generally  as  the  carbonate, 
sulphate,  or  muriate.  In  the  case  of  the  Overton  water  it 
is  the  latter,  (muriate),  as  the  introduction  of  a  little  nitrate 
of  silver  will  shew,  which  is  the  test  for  the  presence  of 
muriatic  acid,  and  which  will  give  the  water  a  muddy  bluish 
tinge,  increasing  in  darkness  by  exposure  to  the  atmosphere 
for  a  few  minutes.t     The  Halifax  water  is,  I  believe,  freer 

*  On  the  introduction  of  a  solution  of  oxalate  of  ammonia,  the  water 
instanUy  fi^ye  a  white  precipitate. 

f  Here  the  addition  of  a  few  drops  of  a  solution  of  nitrate  of  silver 
|;>roduoed  the  effect  mentioned. 
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than  almost  any  other  in  the  kingdom  from  the  compounds 
of  this  mineral,   and  hence  its  extreme  and  unusual  soft- 
ness— all  water  containing  calcareous  matter  being  hard.* 
Waters  which  hold  in  solution  a  considerable  quantity  bf 
the  compounds  of  Lime,  are  eminently  adapted  for  irriga- 
tion, as  by  running  over  the  grass,  and  exposure   to  the 
air,   by  which  they  lose  part  of  the  carbonic  acid,   they 
deposit  a  large  portion   of   the  calcareous  matter    which 
they  previously  contained  in  a  state  of  solution,  and  which 
is  extremely  fertilizing:   indeed,   I  believe  it  is  an  ascer- 
tained fact,  that  none  of  the  neutral  salts  of  Lime,  hitherto 
discovered,  are  otherwise  than  fertilizing.     I  said  that  Lime- 
stone is  found  in  England  in  both  the  primary,  secondary, 
and    tertiary  rocks;    but   by  far  the  greatest  and   most 
important  supply  is  derived    from  the    secondary    strata; 
first  from  the  chalk,    then    the  oQlitic  series,   next   from 
what  is  called  the  Magnesian   Limestone,  and  then  from 
the  mountain  or   Carboniferous   Limestone.     I  have   been 
able  to  obtain  analyses  of   only  three  of  these,   namely, 
the   Chalk,  the  Magnesian,  and  the  Mountain  Limestone, 
which  I  will  proceed  to  detail;   but  I  must,  at  the  same 
time,    acknowledge    the    source    whence   I  derived    them, 
which  was  from  the  report  of  a  paper  read  before   one 
of   the  sections   of   the   British   Association  at  York,  by 
my  friend,  Mr.  W.  Lucas,  of  Sheffield. 

Analysis  of  thb  Yorkshire  Wold  Chalk. 

Carbonic  Acid 43.00  I  Carbonate  of  Lime    ...  98.42 

Lime 55.42  j  Insoluble  Matter     1.10 

Loss     0.48 


100.00 


*  Here  some  of  the  Hali£ui  water  was  tested  with  oxalate  of  ammonia,  aod 
not  the  slighteiit  presence  of  Lime  was  detected. 
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Maokesian  Lihe8Tone>  subdivided  into  Kmottinolet 
Limestone. 

/Carbonic  Acid    42.35  )  Carbonate  of  Lime     ...  93.96 

Lime    5L6l/     Do.        Magnesia...  Trace 

Red  Oxide  of  Iron L42 

Insoluble  Matter 4.50 

Loss 0.12 


100.00 


WsLDON  Limestone  (the  real  Maonbstan  Limestone.) 

Carbonic  Acid    46.00 >  Carbonate  of  Lime    ...  62.12 

Lime    35.04  >     Do.        Magnesia  ...  36.42 

Magnesia 17.50  I  Red  Oxide  of  Iron 0.90 

Insoluble  Matter 0.50 

Loss 0.06 


100.00 


Mountain,  or  Carboniferous  Limestone. 

Carbonic  Acid 43.00  (Carbonate  of  Lime    ...  98.50 

Lime 55.50  J  Foreign  Matter  1.50 


100.00 


Tou  will  observe  that  the  first  and  the  last  of  these 
Limestones  contain  the  greatest  amount  of  pure  Lime, 
and  therefore,  as  far  as  that  mineral  is  required,  are  of 
course  the  more  valuable;  but  of  what  does  the  foreign 
matter  consist  in  the  other  two?  From  an  analysis  made 
for  me  by  Mr.  Haywood,  of  Worksop,  of  the  Knottingley 
and  Weldon  Lime,  the  foreign  matter  was  found  partly 
to  consist  of  a  phosphate,  and  potash  combined  with  silica, 

as  follows : — 

Knottingley.  Weldon. 

Phosphate 087  .100 

Potash  combined  with  Silica  ...     .128  .196 

.215  .296 
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Both  of  which  mgredients  are  highly  fertilizing.  Whether 
the  insoluble  matter  mentioned  by  Mr.  Lucas,  in  the  Chalk 
and  Mountain  Limestone,  consists  of  the  same  ingredients 
and  in  the  same  proportion,  I  am  not  aware,  but  it 
is  more  probable  that  it  is  so  than  otherwise.  The 
red  oxide  of  iron,  existing  in  the  Knottingley  and  Weldon 
stone,  being  in  the  state  of  a  Peroxide,  would  also  tend 
to  fertilize.  I  may  here  remark  that  the  term  Magneriany 
as  applied  to  all  the  Limestone  coming  to  the  surface 
between  Castleford  and  Knottingley,  appears  to  me  to  be 
a  misnomer;  as  there  are  two  separate  and  distinct  strata 
m  that  district,  divided  by  a  seam,  some  yards  in  thickness, 
of  red  clay,  interlaid  with  beds  of  gjrpsum.  The  upper 
stratum  is  thinly  laminated,  and  contains  only  a  trace  of 
carbonate  of  magnesia,  while  the  lower  is  in  thick  beds 
or  blocks^  and  contains  from  30  to  40  per  cent,  of  that 
substance.  In  the  geological  maps  I  therefore  conceive 
that  these  two  strata  ought  to  be  more  distinctively  marked. 

But  to  revert  to  the  more  immediate  object  of  this 
paper — "  The  uses  of  Lime  in  Agriculture.*'  The  cele- 
brated chemist,  Sprengel,  says,  *^  A  soil  is  often  neither 
too  heavy  nor  too  light,  neither  too  wet  nor  too  dry,  neither 
too  fine  nor  too  coarse :  lies  neither  too  high  nor  too 
low, — ^is  situate  in  a  propitious  climate, — is  found  to  consist 
of  a  well-proportioned  mixture  of  clayey  and  sandy  par- 
ticles,— contains  an  average  quantity  of  vegetable  matter, 
and  has  the  benefit  of  a  warm  aspect  and  favouring  slope : 
it  has  all  the  advantages,  in  short,  which  physical  condition 
of  climate  can  give4t,  and  yet  it  is  unproductive — and  why  ? 
Because,  answers  chemical  analysis,  it  is  destitute  of  certain 
mineral  constituents  which  plants  require  for  their  daily 
food."  One  of  the.  most  important  of  these  mineral  con- 
stituents is  Lime.  No  commonly  cultivated  vegetable  that 
has  yet  been  analyzed,  has  been  found  entirely  devoid  of 
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this  ingredient ;  and  we  may  therefore,  I  thinks  reasonably 
conclude  that  it  is  an  essential,  in  order  to  produce  a 
properly  developed  plant ;  in  fact,  that  it  is.  one  of  the 
substances  which  constitute  its  necessary  food,  and  help 
to  bviild  up  its  frame.  To  insist  upon  growing,  plants, 
into  whose  structure  Lime  largely  enters,  upon  land  devoid 
of  that  esssential,  is  something  similar  to  the  conduct  of 
the  mother  that  I  lately  heard  of,  who,.,  when  her  child 
was  about  forming  its  teeth,  in  order  to  give  it  strength, 
fed  it  entirely  upon  arrow  root,  supposing  that  diet  to  be 
the  most  nourishing.  Now  arrow  root  contains  only  the 
elements  of  fat,  and  not  of  bane  and  tntude.  It  affords 
no  phosphorio  acid  and  Lime.  The  child .  therefore  con- 
tinued ricketty,  and  could  form  neither  bone  nor  teeth* 
Immediately  that  the  diet  was  changed,  ai^d  food  containing 
those  necessary  ingredients  was  administered,  the  desired 
tesult  took  place,  and  the  child  soon  became  strong  and 
healthy. 

According  to  Professor  Johnston,  a  common  four-years 
rotation  of  crops,  that  is — Turnips — Barley-p-Clover  and 
Wheat — extracts  from  the  land,  and  consequently  there 
requires  to  be  supplied,  during  the  four  years,  288  pounds 
of  pure  Quick  Lime,  or  about  524  pounds  of  the  Carbonate 
— ^the  turnips  and  the  clover,  or  the  two  green  creeps, 
needing  at  least  9-10th8  of  the  whole.  Viewing  Lime, 
then,  as  one  of  the  essential  constituents  of  plants,  we 
must  acknowledge  the  necessity  of  its  presence  in  the  soil, 
even  if  its  being  food  for  the  crop,  only,  were  taken  into 
account,  without  considering  its  other  uses>  which  I  shall 
shortly  touch  upon.  Hence  we  also  see  how  essential  is 
its  artificial  introduction  into  the  soil,  where  it  does  not 
already  naturally  exist  in  sufficient  quantity.  Sir  Humphrey 
Davy,  in  his  Agricultural  Chemistry,  enumerates  many 
fertile  soils,  of  whkh  he  gives  the  analysis,  and  in  none. 
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I  believe,  did  he  find  less  than  three  per  cent  of  carbonate 
of  Lime,  and  one  contained  as  much  as  11  and  l^th  per 
cent.  In  a  soil  of  eight  inches  in  depth,  three  per  cent. 
I  calculate,  would  amount  to  about  32  tons  per  acre,  which 
at  the  rate  of  exhaustion  by  the  crop  alone,  as  computed 
by  Professor  Johnston,  but  without  taking  into  account 
any  other  sources  of  waste,  would  last  about  130  rotations, 
or  about  500  years.  But  as  much  of  the  straw  and  turnips 
are  again  returned  to  the  land  in  the  shape  of  manure, 
which  contains  part  of  the  Lime  previously  extracted,  such 
land  might  probably  not  be  exhausted  of  that  ingredient 
(at  least  by  the  crops)  for  three  times  that  period.  Much 
land,  not  situated  near  the  Limestone  districts,  I  believe 
contains  as  little  as  only  1-1 0th  per  cent.,  or  only  about 
22  cwt.  per  acre ;  and  that  is  the  description  of  soil  which 
most  frequently  wants  replenishing ;  as,  if  you  compute  the 
exhaustion  from  all  causes  to  amoimt  to  ^  cwt.  per  acre 
per  annum,  (which  in  the  common  course  of  cropping  I 
believe  to  be  pretty  near  the  mark,)  all  the  stock  of  Lime 
will  be  extracted  in  about  fifteen  years,  provided  that  none 
is  returned  in  any  shape.  Professor  Johnston  in  his  lectures 
mentions,  that  Lampadius  tried  an  experiment  in  order  to 
test  the  amount  of  exhaustion  of  Lime,  stating  that  he 
mingled  Lime  with  the  soil  of  a  piece  of  ground  till  it 
was  in  the  proportion  of  1.19  per  cent  of  the  whole, 
and  he  determined  subsequentiy,  by  analysis,  the  quantity 
of  Lime  contained  in  each  of  the  three  succeedbg  years. 

Carbonate  of  Lime. 

The  1st  Year  it  contained    1.19  per  cent 

2nd  do.  0.89 

3rd  do.  0.62 

4th  do.  0.24 

But  what  are  the  sources  of  exhaustion  beyond  what  is 
extracted  by  the  crops  ?     The  chief,  no  doubt,  is  from  the 
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solability  of  the  Lime,  when  it  comes  in  contact  with  water 
containing  carbonic  acid,  and  in  which  state  of  solution  it 
is  carried  into  the  substrata,  and  finally  brought  to  the 
sorfaoe  again  by  the  springs ;  after  which  it  is  again 
deposited  on  the  land  in  another  locality,  or  carried  by 
the  rivers  into  that  great  receptable,  the  sea,  where,  as 
nothing  in  nature  is  lost,  it  is  again  appropriated  by  those 
occupants  of  the  deep,  whose  covering  and  habitations  are 
formed  from  calcareous  matter.  When  we  consider  the 
immense  quantity  of  rain  that  in  England  annually  falls 
upon  the  earth,  being  on  the  average  equal  to  about  thirty 
inches  in  depth,  which  will  amount  to  about  668,000  gallons 
per  acre:  and  that  it  always  contains  an  appreciable  "quan- 
tity of  carbonic  acid,  rendering  it  capable  of  dissolving 
Carbonate  of  Lime,  we  need  no  longer  be  surprised  that 
that  necessary  ingredient  so  quickly  disappears  from  the 
soil,  and  requires  renewing. 

Again,  it  is  an  often-H>bserved  fact,  that  Lime  sinks  into 
the  s<h1,  without  being  actually  brought  into  solution,  and 
is  lodged  below  the  reach  of  the  spade  or  the  plough,  or 
of  the  plants  that  we  wish  to  cultivate. 

Lime  may  be  efiectively  applied  to  land  in  different 
states ; — either  in  its  real  quick  unslaked  state,  as  it  comes 
from  the  kiln,  (when  it  is  the  most  caustic,)  or  when 
slaked  with  water,  in  which  state  it  is  called  Hydrate 
of  Lime,  and  still  caustic; — or  when  it  has  fallen  to  a 
powder  by  mere  exposure  to  the  air,  and  is  only  partially 
GSQstic;  or  it  may  be  applied  in  the  state  of  a  carbonate, 
when  it  has  lost  all  its  causticity.  In  its  two  first  states 
it  ought  not  to  be  applied  to  such  growing  plants  as  you 
wish  to  preserve,  as  it  is  then  injurious  to  vegetable  life, 
and  should  therefore  be  put  upon  the  land  only  when 
under  the  plough,  or  some  days  previous  to  sowing  the 
seed     The  circumstance  of   its  being  fatal  to  vegetable 
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life,  when  in  tbia  highly  caustic  state,  is  at  the  same 
time  extremely  useful  to  the  agriculturist,  in  assisting  to 
destroy  not  only  noxious  weeds,  but  in  ridding  the  soil 
of  the  laryse  and  eggs  of  various  destnictive  insects,  which 
would  otherwise  prey  upon  the  crop. 

But  perhaps  its  most  important  office,  as  Quick  Lime, 
is  to  release  the  potash,  locked  up,  as  it  were,  in  the  soil, 
by  rendering  it  soluble,  and  indirectly  acting  upon  the 
silica,  so  necessary  for  the  healthy  and  luxuriant  growth 
of  the  cereal  plants.  Liebig,  in  treating  upon  this  subject, 
says — "  In  order  to  form  a  proper  conception  of  the  action 
of  Lime  on  soils,  we  must  remember  the  processes  employed 
by  chemists  to  effect  the  speedy  decomposition  of  a  mineral, 
and  to  render  soluble  its  ingredients.  In  order  to  dissolve 
finely  pulyerised  felspar  in  an  acid,  it  would  be  necessary 
to  expose  it  to  continued  digestion  for  weeks,  or  even  months. 
But  when  the  felspar  is  mixed  with  Lime,  and  is  exposed 
to  a  moderately  strong  heat,  the  Lime  enters  into  chemical 
combination  with  the  constituents  of  the  felspar.  A  part 
of  the  alkali  (potash)  imprisoned  in  the  felspar  is  now  set 
at  liberty,  and  its  simple  treatment  with  acid,  in  the  cold, 
now  suffices  to  dissolve  the  Lime,  and  other  constitaents 
of  the  mineral  The  silica  is  dissolved  by  the  acid  to  such 
an  extent,  that  the  whole  assumes  the  consistence  of  a 
transparent  jelly.  Most  of  the  silicates  of  alumina,  when 
mixed  with  Slaked  Lime,  and  kept  in  continued  contact 
in  a  moist  state,  behave  in  a  similar  manner  to  felspar 
when  heated  with  Lime.  When  a  mixture  of  common 
clay  and  water  is  added  to  the  milk  of  Lime,  and  they  are 
left  in  contact  for  several  months,  it  is  found  that  the 
mixture  gelatinizes  on  the  addition  of  an  acid.  The  clay 
is  broken  up  by  the  union  of  certain  of  its  constituents 
with  Lime,  and  most  of  the  alkalis  contained  in  it  are 
set  at  liberty.     These  experiments  have  explained  the  action 
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of  Slaked  Lime  upon  soils,  and  have  funushed  an  invalu- 
able means  of  liberating  from  the  soil  the  alkalis  which 
are  indispensable  to  the  existence  of  plants."  Again  he 
says — "  It  is  obvious  that  mixtures  of  clay  and  Lime 
contain  all  the  conditions  necessary  for  the  liberation  of 
the  silicate  of  alumina,  and  for  rendering  soluble  the  alkaline 
silicates/'  Dr.  Playfair  also  says  that  ^*by  Liming  the 
land,  the  silica,  potash,  and  phosphates  are  liberated  from 
the  soil,  and  administer  to  the  wants  of  vegetation/'  Pro- 
fessor Johnston  also  holds  the  same  opinion,  and  says, 
**  potash  and  soda  exist  to  some  extent  in  clay  soils  in 
combination  with  alumina — the  presence  of  Lime  has  an 
influence  in  setting  the  alkalis  free  from  this  state  of 
combination/'  Supposing,  then,  that  the  opinions  of  these 
celebrated  chemists  are  correct,  it  fully  explains,  to  my 
mind,  why  it  b  so  frequently  maintained,  that  the  repeated 
application  of  Lime  deteriorates  the  fertility  of  land.  That 
such  is  the  effect  of  a  large  and  frequent  application,  I 
have  not  the  least  doubt ;  and  it  can  be  accounted  for  by 
the  circumstance  of  each  such  dose  rendering  soluble  a 
greater  quantity  of  the  potash,  silicates  and  phosphates, 
than  the  plant  can  possibly  take  up ;  the  surplus  in  a 
state  of  solution,  is  therefore  carried  away  by  the  rains 
and  lost;  and  the  accumulated  stock  at  last  exhausted. 
It  appears  to  me,  that  according  to  this  view,  a  small 
quantity  only  of  Quick  Lime,  frequently  repeated,  would 
be  the  most  economical,  and  at  the  same  time,  effective; 
suppose,  half  a  ton  every  other  year,  or  a  quarter  of  a 
ton  every  year,  when  practicable,  or  a  somewhat  larger 
quantity  only  when  you  have  a  crop  which,  according  to 
the  analytic  tables,  requires  a  larger  supply  of  potash — 
but  of  course  you  must  first  ascertain  whether  your  soil 
contains  a  supply  of  the  alkalis,  ready  to  be  released. 
In  some  of  our  land  at  Flockton,  according  to  a  minute 
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analysis  which  we  have  obtained,  there  exists  as  much 
aa  six  tons  of  potash  per  acre,  six  inches  deep,  a  supply 
which,  with  proper  husbanding,  will  last  for  600  yeara, 
without  any  further  artificial  application*  The  provinoe 
of  the  silicates,  in  their  effects  upon  the  grain  crops^  is 
to  render  the  straw  more  stiff  atnd  healthy^  and  to  give 
it  strength  properly  to  sustain  the  ear.  They  commumeate 
that  peculiar  polish  or  Tarnish  which  is  ofaseryable  on 
the  exterior  of  healthy  straw^  and  which  prevenls  the  eom 
from  heaaag  lodged  or  laid  by  rain  and  wind.  As  an 
instance  of  the  good  effects  of  Lime,  and  to  proye  the 
correctness  of  the  theory  of  its  action  in  releasing  the 
silicates,  I  may  mention  a  circumstance  which  a  few  mondis 
ago  came  to  my  knowledge,  where  one  half  of  a  fidd  of 
wheat  was  Limed,  and  the  other  not.  The  com  on  the 
former  grew  with  A  strong  stiff  and  upr^ht  straw,  and 
a  good  ear; — while  on  the  latter,  where  no  Lime  waa 
applied,  though  the  ear  was  also  good,  yet  the  straw 
had  not  power  and  strength  sufficient  to  support  it,  and  the 
crop  was  spoiled  by  being  laid.  Quick  or  Calcined  Lime 
also  produces  the  beneficial  effect  of  r^idering  ayaOable 
any  inert  vegetable  matter  that  may  be  in  the  soil,  by 
assisting  its  decomposition,  when  it  has  access  also  to  the 
air,  and  thereby  renders  it  food  for  the  plant,  and  at  the 
same  time  enters  into  combination  with  the  acids  that  are 
formed  in  the  course  of  decomposition, — acids  which  would 
otherwise  be  injurious  to  the  growing  crop;  and  some 
of  the  compounds  thus  produced,  are  considerably  more 
soluble  and  deliquescent  than  the  Lime  was  in  its  original 
state. 

It  is  an  interesting  question,  whether,  as  silica  is  so 
necessary  a  constituent  of  the  com  crops,  and  is  insoluble 
except  through  the  intervention  of  a  caustic  alkali,  Quick 
Lime  bebg  an  alkaline  earth,  has  immediately  that  effect  ? 
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I  dioaid  fear  tfaat  as  the  Lime  has  so  atroiig  aa  affinity 

for  carbonic  and  other  acids,  which  it  might  meet  with  in 

the  soil,  it  wovM  become  so  quickly  neutralized,  that  it 

could  not  remam  in  its  caustic  state  sufficiently  long  in 

contact  with  the  silica  of  the  soil,  to  enter  into  combination 

with  it.     A  silicate  of  soda  may,  I  believe,  be  manufactured 

artificially,  by  making  a  compost,  intimately  mixed,  of  equal 

parts  of  carbonate  of  soda,   Quick   lime,   and  fine  sand, 

and  excluding  the  free  admission  of  air  to  the  bei^. 

The  Lame  having  a  greater  affinity  foe  carbimic  acid 

than  the  soda,  extracts  and  appropriates  the  add,  leaving 

(he  soda  caustic,  in  which  state,  in  the  course  of  a  few 

weeks,  it  combines  with  the  silica  of  the  sand,  and  forms 

the  compound   spoken  of,  in  a  soluble  state.      Li  many 

districts  sulphuret  of  iron  is  one  of   the  iqurious  com* 

pounds  that  are  found  in  the  soil,  and  by  exposure  to  the 

air  and  moisture,  it  is  converted  into  the  sulphate,  in  which 

state  it  is  doubly  baneful  to  vegetation.     The  application 

of  Quick  Lime  soon  decomposes  this  deleterious  compound^ 

and  forms  gypsum  and  peroxide  of  iron,  both  of  which  are 

fertilizing* 

riron^...--^..*.combiBes    with   Oxygen  forming 
Sulphate  of  Iron.-|  Peroxide  of  Iron. 

(  Sulphuric  Acid 


Quick  I'^m^  ^"""•"-^Salphftte  of  Lime. 

Quick  lime  also  prevents  the  red  rust  in  wheat,  which, 
according  to  Mr.  Haywood's  examination,  is  caused  by  the 
plant  imbibing  phosphate  of  iron,  which  compound  the  Lime 
decomposes,  and  then  forms  phosphate  of  Lime,  being  the 
main  fertiliaii^  part  of  bones.  It  is  frequently  affirmed  that 
if  you  fbrm  a  compost  of  Quick  Lim^  and  muriate  of  soda 
or  comrnon  salt,  a  decomposition  and  recombination  takes 
place ;  that  the  muriatic  acid  leaves  the  salt  and  combines 
with  the  Lime,  forming  muriate  of  Lime  and  caustic  soda. 
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But  this  I  cannot  conceive  to  be  the  case,  as  it  is  contrary 
to  the  order  of  affinities,  the  acid  haying  a  greater  affection 
for  the  soda  than  for  the  Lime.  Professor  Graham,  whom 
I  had  lately  the  pleasure  of  meeting  in  London,  informed 
me  that  if  the  compound  be  kept  in  the  state  of  a  paste  for 
some  time,  and  then  dried,  there  certainly  is  a  sublimation 
of  carbonate  of  soda,  but  only  in  a  trifling  degree.  The 
two  substances  are  good  in  themselves,  and  might  be  applied 
with  equal  effect  separately.  When  applied  to  clover  leys 
previous  to  being  ploughed  up  for  wheat,  both  seem  to 
answer  the  desired  purpose,  in  destroying  the  wire  worm 
or  other  ravaging  insects ;  as  may  be  shown  by  an  experi- 
ment which  we  lately  tried,  where  on  one  part  of  a  field 
we  laid  five  cwt  of  salt  per  acre,  at  a  cost  of  6s.,  on 
another  we  put  one  ton  of  Quick  Lime  per  acre,  at  a  cost 
of  10s.  6d.;  and  on  the  third  we  did  not  apply  anything: 
the  wheat  was  equally  good  on  the  two  portions  treated  with 
salt  and  with  Lime,  but  on  the  other,  where  nothing  was 
applied,  the  crop  failed  so  grievously  that  we  had  to  sow 
it  over  again. 

Lime  is  extremely  congenial  to  clover,  and  I  believe  that 
if  one  ton  per  acre  of  that  fertilizer  were  applied,  along 
with  half  a  hundredweight  of  nitrate  of  potash,  common 
salt  and  gypsum,  (half  a  himdredweight  of  each,)  the 
failure  of  the  clover  crop  so  frequently  complained  of, 
would  only  occasionally  occur,  and  that  chiefly  from  the 
injurious  effect  of  frost;  for  I  cannot  but  consider  that 
the  failure  arises  in  most  cases  from  a  deficiency  in  the 
soil  of  proper  and  quickly  available  food  for  the  plant, — 
clover  requiring  a  considerable  quantity  of  Lime,  potash, 
soda,  and  sulphuric  acid.  I  have  frequently  observed  in- 
stances on  the  moors  in  Craven,  where,  after  the  plentiful 
application  of  Quick  and  Caustic  Lime,  in  the  course  of 
a  few  months  the  heath  has  all  disappeared,  and  a  luxuriant 
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crop  of  white  dorer  has  afterwards  occupied  its  place.     On 
grass  land  the  Lime  ought  to  be  applied  in  a  partiaUy  effete 
or  mild  state,  otherwise  it  will  injure  the  vegetation.     Quick 
Lime  should  not  be  applied  simultaneously,  or  mixed  with 
any  manure  containing  the  salts  of  ammonia;  for  it  has  so 
much  greater  an  affinity  for  the  acids  than  ammonia,  that 
immediately  on  their  coming  in  contact,  the  ammonia  is  set 
at  liberty  and  dispelled.     The  application  of  Lime  to  land 
ought,  therefore,  to  be  ten  days  or  a  fortnight  previous  to 
the  manure  being  introduced,  by  which  time  the  Lime,  if 
well  spread  and  harrowed  into  the  soil,  will  have  become 
sufficiently  a  carbonate  not  to  affect  the  ammonia.     From 
the  foregoing  considerations,  and  from  an  analysis  of  com- 
mon yellow  day  made  for  us  by  Mr.  Haywood,  by  which 
he  found  that  one  ton  of  clay  contained  fourteen  pounds  of 
caustic  potash,  and  an  appreciable  quantity  of  phosphoric 
acid,  I  imagine  that  Unslaked  Lime,  as  it  comes  from  the 
kiln,  and  clay,  laid  up,  layer  upon  layer,  would  form  a  good 
compost,  particularly  for  the  lighter  soils.     My  observations 
have  hitherto  been  mainly  confined  to  the  action  of  Lime 
when  in  its  quick  state — in  which  only  it  is  thought  by  many 
farmers  to  be  effective  aud  valuable.     But  thb  is  quite  a 
mistaken  notion: — its  virtues  last  for  years,  and  continue 
so  long  as  any  remains  in  the  land.     In  the  caustic  state 
it  renders  other  things  into  manure,  and  after  it  has  accom- 
plished that  object,  it  becomes  itself  food  for  the  plant.     As 
the  Carbonate,  or  Mild  Lime  (which  state  it  shortly  assumes 
after  its  application),  it  renders  the  com  crops  better  and 
finer  in  the  skin — causes  them  to  come  earlier  to  maturity — 
corrects  acidities  and  impurities  in  the  soil,  thereby  sweet- 
ening the  herbage — ^is  a  great  absorbent  of  moisture — and 
has  not  only  a  chemical,  but  also  a  mechanical  effect  upon 
the  soil,  by  lightening  that  which  is  too  stiff,  and  stiffening 
that  which  is  too  light;  in  fact  the  value  and  virtues  of 
Lime  are  not  yet  sufficiently  and  extensively  known. 
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An  instance  of  the  injurious  effects  of  a  deficiency  of 
LimCi  is  cited  by  a  writer  in  the  last  number  of  the  Quar- 
terly Journal  of  Agriculture,  where  he  says  that  during  the 
late  dry  summer  he  observed  that  many  of  the  grass  field3 
in  the  neighbourhood  of  Liverpool  were  covered  with  sorrel, 
being  quite  red  with  that  sour  plant  in  seed.  On  chemically 
examining  the  soil,  he  found  that  it  contained  an  excess  of 
humic  acid,  and  a  deficiency  of  Lime.  An  application  o£ 
the  latter  would  have  neutralized  the  bad  effects  of  the 
former,  and  rendered  the  land  incapable  of  luxuriantly  pro- 
ducing so  acid  a  plant  as  sorrel,  which  would  have  given 
place  to  clover  and  other  sweet  herbage.  Sir  John  Sinclair 
mentions,  that  on  the  Mendip  HiUs,  in  JSomersetshire,  by 
the  application  of  Lime,  the  value  of  land  was  raised  from 
4s.  to  308.  per  acre ;  and  dung,  which  previous  to  Lindng 
had  no  sensible  effect,  afterwards  operated  as  on  other  soils ; 
and  the  rye  lands  in  Herefordshire,  which  formerly  refused 
to  produce  wheat,  peas,  or  vetches,  have,  since  the  iptro- 
duction  of  Lime,  been  so  fertilized  by  its  application,  as  to 
render  the  soil  capable  of  producing  every  species  of  com. 

in  the  former  part  of  this  paper  I  mentioned  that  there 
is  found  another  description  of  Lime  in  the  neighbourhood 
of  Castleford,  and  also  at  Conisbro*,  near  Doncaster,  which 
may  truly  be  designated  by  the  term  MoffUfsiatif  as  it  con- 
tains from  30  to  40  per  cent  of  carbonate  of  magnesia. 
This  sort  of  Lime  has  been  found  to  be  injurious  to  land 
for  some  time  after  its  application  in  the  quick  state,  except 
when  very  sparingly  used;  and  the  reason  is,  that  the 
magnesia  which  it  contains  is  so  long  in  imbibing  sufficient 
carbonic  acid  to  neutralize  its  causticity,  that  it  bums  up, 
as  it  were,  all  growing  vegetables  with  which  it  comes  in 
contact.  The  real  and  pure  Lime  which  this  stone  contains 
has  a  greater  affinity  for  carbonic  acid  than  the  magnesia, 
and  £f,  therefore,  firdt  appropriates  all  the  attunable  acid, 
until  it  is  satisfied,  before  the  magnesia  obtains  any,  dmriag 
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which  time  the. latter  remains  in  ite  caustic  state.  To  peaty 
soil  containing  much  earbonic  acid,  the  Hagnesian  Lime 
may  be  effectiyely  applied. 

I  said  that  carbonate  of  Lime  is  an  absorbent  of  moistara 
Sir  Humphrey  Davy  mentions,  that  in  contnmed  dry  wes/- 
ther  in  Derbyshire,  while  the  hill  aides  resting  upon  grit 
stone  are  burnt  up>  the  vegetation  on  those  where  the 
substratum  is  Limestone,  appears  green  and  luxuriant  I 
have  also  heard  of  a  gentleman  who,  in  order  to  obtain 
and  preserve  a  green  luxuriant  appearance  on  his  lawn, 
which  was  previously  quite  brown  in  dry  weather,  pared 
the  sod,  and  inserted  under  it  a  layer  of  Limestone,  after 
which  the  desired  result  took  place.  In  the  Quarterly 
Journal  of  AgticuUiurt^  I  observe  a  paper  by  Mr.  Glyde, 
in  the  course  of  which  he  gives  a  table  of  the  powers  of 
absorption  of  mcusture  by  some  of  the  <3on8tituent8  of  soil, 
which  will  explain  why  vegetation  growing  in  land  resting 
upon  a  subsoil  composed  of  Magnesian  Limestone,  should 
not  be  so  greatly  affected  by  dry  weather. 

The  following  Table  shows  the  powers  of  absorption  of 
moisture,  possessed  by  different  ingredients  of  soils.  1000 
grains  of  each,  spread  over  a  space  of  56  inches,  the  tempav 
ature  of  the  air  being  60  degrees,  time  of  exposure  being  72 
hours. 

Silicious  Sand  0 

Calcareous  Sand 3 

Gypsum     1 

Sandy  Qay 28 

Loamy  Gay 35 

Stiff  Clay  41 

Grey  pure  Clay  49 

{Lime 35 
Magnesia • 82 

In  conclusion,  I  beg  to  express  an  opinion  that  perhaps 
the  agriculture  of  no  locality  would  be  more  improved  by 
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the  application  of  Lime,  than  the  neighbourhood  of  Halifax 
— the  extreme  softness  of  the  water  being,  I  think,  a  suffi- 
cient proof  that  the  soil  is  very  deficient  in  that  necessary 
ingredient ;  and  I  should  strongly  recommend  any  one  who 
owns  or  cultivates  land  in  that  neighbourhood,  to  haye  his 
soil  analysed,  to  ascertain  whether  it  is  so  situated. 

The  district  between  the  Summit  Tunnel  and  Manchester, 
on  the  Manchester  and  Leeds  Railway,  also  appears  to  me 
as  another  part  of  the  country  which  would  be  amazingly 
improved  in  fertility  by  the  application  of  Lime ;  as,  from 
the  appearance  of  the  land  and  its  produce,  and  the  great 
quantity  of  ferruginous  water  which  exudes,  to  the  serious 
detriment  of  vegetation,  I  imagine  that  Lime  is  much  needed 
to  correct  the  acidities,  and  neutralize  the  injurious  salts  of 
iron  that  are  so  profusely  generated. 

Should  any  one  receive  the  least  useful  hint  from  these 
remarks,  (which  have  been  hastily  collected  and  thrown 
together,)  that  may  induce  him  to  pursue  inquiry  into  the 
secret  uses  and  workings  of  the  various  means  that  we 
possess,  of  adding  to  the  resources  of  our  country, — my 
object  in  brining  forward  the  subject  will  be  amply 
answered* 
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GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
«f  ifft  munt^afnq  of  VotrfMlire, 

AT   THE   TWE17TT-NINTH    QUABTBBIiT    MEETING,    HELD    IN    THE 
TOWN  HAIiL,  FONTEFBACTi  ON  FBIDAT>  AUGUST  8TH,  1845. 


The  Right  Hon.  the  Earl  Fitzwilliam  in  the  chair. 

On  the  motion  of  the  Secrbtary,  the  following  gentlemen 

were  elected  Members  of  the  Society : — 

Rer.  Andbbw  Cabbblb,  Morley. 

Lord  Oalway»  Serlby,  new  Bawtry. 

Rer.  T.  Hind,  Featherstone,  Pontefnct 

Samuel  Hirst,  Esq.,  Rellington,  Pontefiract 

WiLUAM  Hbfworth,  Esq.,  Pontefract 

Richard  Monckton  Milneb,  Esq.,  M.P.,  Frystone. 

Mr.  MoxoN,  Pontefract 

Rev.  Richard  Staimtorth,  Pontefract 

Dr.  Simpson,  Pontefract 

His  Lordship  rose  and  said,  that  the  Society  with  which 
they  were  connected  had  frequently  met  in  different  towns 
in  the  West  Riding ;  and  now  they  were  assembled  in  that 
town  which,  in  one  respect  at  least,  might  be  considered  as  a 
sort  of  metropolis — ^it  being  that  town  in  which  the  principal 
magisterial  business  was  transacted.  It  was  always  a  satisfac- 
tion to  visit  a  town  where  hospitality  was  shown  to  strangers ; 
and  it  was  a  great  satisfaction  to  him  to  be  able  to  meet  his 
fellow-associates  in  the  fulfilment  of  their  labours,  in  a  town 
where  they  were  most  admirably  accommodated  by  the  liberal 
hospitality  of  the  worthy  Chief  Magistrate  of  the  borough. 
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It  was  with  great  satisfaction  that  he  had  to  announce  that 
some  very  interesting  communications  would  be  made,  for  the 
first  of  which  they  would  be  indebted  to  Professor  Phillips, 
who  would  now  proceed  with  his  communication. 


Professor  Phillips,  of  St.  Mary's  Lodge,  York,  then 
read  his  paper 

ON  THB    REMAINS   OF   MICROSCOPIC    ANIMALS   IN  THE  ROCKS 
OF  YORKSHIRE.      BY  JOHN    PHILLIPS,  ESQ.,  F.R.S.,  F.G.8. 

There  is  nothing  more  certainly  proved,  more  generally 
known,  or  more  important  in  Geological  reasoning,  than  the 
fact  that  a  very  considerable  portion  of  the  stratified  masses 
of  the  globe  is  composed  of  the  remains  of  organized  beings. 
Changed  vegetables  have  yielded  our  coal — changed  Zoophyta 
compose  the  entire  mass  of  some  limestones — shells  contribute 
to  augment  the  thickness  of  almost  all  the  strata  which  rest 
upon  the  Gneiss  and  Mica  schist  groups. 

It  is  also  known,  that,  in  very  many  instances,  plants  and 
Zoophyta  occur  in  a  fossil  state,  on  the  very  spots  where  they 
were  attached  in  life ;  that  they  did  actually  grow  and  perish 
where  now  we  find  their  remains.  Shells  in  like  manner 
appear  with  all  the  marks  of  being  entombed  on  or  near 
to  the  very  localities  where  their  molluscous  tenants  respired 
and  fed ;  the  valves  of  oysters  are  yet  attached  to  the  rock, 
stone,  or  old  shell  on  which  the  young  ova  fixed  themselves; 
lithodomouB  Conchifers  yet  occupy  the  very  holes  which  they 
have  bored ;  Cardiacea  and  Y eneridse  yet  display  their  valves, 
as  closed  by  the  muscles  in  life,  or  partially  opened  by  the 
decay  of  these  muscles,  or  separated  by  the  decay  of  the 
ligament,  or  finally  broken  and  worn  by  die  agitation  of 
the  water  in  which  they  died. 

It  follows,  from  investigations  of  this  kind,  that  in  the 
same  physical  area  of  the  earth's  surface,  but  at  successive 
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times,  different  races  of  plants  and  animals  lived,  whose 
specific  forms  changed  with  those  successive  times,  and 
heing  preserved  to  ns,  are  characteristic  or  indicative  of 
these  times. 

It  also  follows  that  the  chemical  processes  which  are 
necessarily  coincident  whh  the  phenomena  of  life, — ^the 
decompositioo  of  the  carbonic  acid  of  the  atmosphere  by 
respiration  of  plants, — the  decomposition  of  sea  water  by 
marine  plants  and  marine  animal8,-^the  secretion  of  solid 
carbonate  of  lime  and  pure  silica  in  the  substance  of  shells, 
corals,  and  sponges,  must  have  continued  through  times  and 
under  conditions  equal  to  produce  the  amount  of  those  effects 
which  Geology  has  measured  and  made  known. 

These  things  are  generally  known  and  admitted ;  but  it  is 
possible  by  scrutinizing  more  minutely  the  texture  of  rocks, 
to  extend  the  data  and  fortify  the  reasoning.  Our  admira-- 
turn  of  the  degree  in  which  the  hard  parts  of  animals  hare 
contributed  to  augment  the  so-calfed  mineral  masses  of  the 
globe  will  indeed  rise  to  astanithment,  if  we  call  to  our  aid 
the  ma^cal  power  of  the  achromatic  microscope,  and  in- 
vestigate with  it  the  ultimate  constitution  of  the  limestones, 
flints,  sands,  and  elays,  in  which  the  unassisted  eye  sees 
nothing  but  a  mere  aggregate  of  earthy  particles. 

We  may  effect  this  in  at  least  four  ways ; — )st,  by  cutting 
stones  into  thin  slices,  so  that  they  become  transparent; 
2adly,  by  incineration ;  3rdly,  by  pulverizing  and  washing 
softer  substances,  such  as  chalk;  and  4thly,  by  distilling 
chemically  some  parts  of  a  rock,  and  leaving  others  for 
examination  in  a  finely  divided  state. 

TUs  investigation  has  drawn  forth  a  crowd  of  observers, 
of  whom  Ehrenberg  is  the  chief.  It  results  from  their  in- 
quiries, that  in  the  superfkial  deposits  of  Geology,  which 
are  scarcely  counted  among  the  old  stratified  masses,  but 
belong  to  comparatively  recent  periods,  vast  numbers  of 
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minute  organisms  occur,  so  that  whole  lakes  have  been 
filled  up  by  them,  and  deposits,  composed  of  little  else 
than  the  remains  of  infusorial  animalcula,  have  been  mea- 
sured to  as  much  as  14  feet  in  thickness.* 

Further,  that  in  the  genuine  Tertiary  Strata^  as,  for 
example,  the  Eocene  Sands  of  Grignon,  the  proportion  of 
minute  Foraminifera,  which  is  mixed  with  the  common  sand, 
is  enormous.f 

Again,  that  in  secondary  strata,  especially  in  the  chalk, 
minute  Foraminifera  and  minute  Infusoria  abound,  so  that 
whole  beds  appear  to  consist  of  little  else,  especially  in  the 
South  of  England  and  in  the  North  of  6ermany4 

It  has  been  also  ascertained,  that  in  the  secondary  strata 
below  the  chalk,  particularly  in  the  Oolites  of  Yorkshire 
and  Stonesfield,  many  of  the  Foraminifera  occur;  and  it 
is  a  result  ef  my  own  researches,  that  in  the  mountain 
limestone  they  are  not  rare,  and  that  the  limestone  of 
South  Deyon  and  the  silurian  limestones  contain  traces  of 
this  widely  diffused  class  of  Microzoa. 

I  will  now  briefly  notice,  commencing  with  the  Mountain 
Limestone,  the  most  frequent  of  the  minute  organized  bodies, 
which  are  revealed  by  the  microscope,  in  those  parts  of  the 
calcareous  deposits  of  Yorkshire,  which,  to  the  unassisted 
eye,  appear  to  be  devoid  of  organization. 

Of  this  rock  it  wiU  be  sufficient  to  notice  two  varieties, 
the  oolitic  and  the  compact  In  the  former  it  is  common 
to  find,  in  the  centre  of  the  grains  or  ova,  minute 
Foraminifera,  bits  of  coral,  small  joints  of  Encrinites,  and 
small  Goniatites. 

In  the  compact  rock  we  find  precisely  the  same  things, 
as  Foraminifera,  small  Milleporida,  minute  Cyathophylla, 
minute  Calamoporse,  Crinoidal  joints,  and  Goniatites.     They 

*  Ehrenbeig.         t  D*OrbigDy,  &c.         |  Ehrenberg.    Readc.    Mantell. 
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are  by  no  means  equally  diflused.  In  the  brown  clouded 
marbles  of  Beetham  Fell,  they  are  so  yery  plentiful  as  to 
crowd  the  field  of  the  microscope.  Similar  characters 
belong  to  the  white  Mountain  Limestones  of  Russia.* 

Amongst  these  fossils  I  distinguish  a  beautiful  concamer- 
ated  shell,  most  probably  a  Foraminifer,  with  a  large  opening 
in  each  septum,  on  the  interior  edge.  Formerly  I  saw  in 
the  possession  of  Mr.  John  E.  Bowman  a  specimen  of  this 
kind,  Tisible  to  the  naked  eye,  and  named  it  Endothyra 
BowmannL  (See  Fig.  \.)  The  yolutions  are  swollen 
externally  between  the  septa. 

Another  common  form  of  Foraminifera  is  represented  in 
section  in  Fig.  2. 

Beside  these,  are  many  minute  spiral  shells  of  Gasteropoda. 

In  the  Magnesian  Limestone,  as  yet,  I  have  been  com- 
paratively unsuccessful.  The  compact  parts  of  the  rock 
seem  to  consist  of  earthy  grains,  imbedded  in  a  cement  of 
crystalline  carbonate  of  lime;  and  this  is  a  yery  general 
character  of  the  so-called  earthy  limestones.  Similar 
characters  belong  to  the  Magnesian  (Permian)  Limestone 
of  Bussia. 

The  Nodular  Lias  beds  of  Yorkshire  I  haye  not  yet 
examined.  The  blue  Lias  of  the  South  of  England  is  in 
some  beds  rich  in  portions  of  Crinoidea,  but  in  others 
almost  devoid  of  organization.  Small  Conchifera  appear 
in  the  sections,  but  I  haye  not  obsenred  Foraminifera. 
There  are  in  this  stone  some  singular  patches,  (green,  by 
transmitted  light,)  which  I  am  as  yet  unable  to  resolve. 

The  whole  Lias  of  the  vicinity  of  Bath  is  a  mass  of  minute 
granulation,  cemented  by  a  carbonate  of  lime.  There  are 
many  little  concentric  textures,  with  a  dark  centre. 

*  I  am  indebted  to  Sir  R.  L  Httrchiflon  for  ipecimens  of  the  PalcBOioic 
Limestones  of  Ruasia.  They  have  furniflhed  many  interesting  frets  under  the 
microaoope. 
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Somie  beds  of  the  06lite  of  Torksfaire  are  remarkilbly  rich 
in  minute  organization*  Abstracting  the  consideration  of 
the  OTiform  grains,  whiefa  in  this  rock  are  somewhat  different 
from  the  oya  in  the  Bath  OoUte,  we  find  minnte  spines  of 
Echioi,  bits  of  shell,  and  plenty  of  small  Foraminifera. 
These  latter  are  in  &ct  numerous,  and  generally  of  the 
form  of  Teztilaria.  Within  a  circle  of  \AOth  of  an  inch 
in  diameter,  we  frequently  find  three  of  these  beantifnl 
shells,  the  lamina  which  discloses  them  being  less  than 
1 -200th  of  an  indi  thick.  This  would  gire,  in  one  cubic 
inch,  960,000  individuals,  or  one  million  wanting  40,000. 
I  hare  seen  but  few  RotaIi»  in  this  Oolite. 

Fiff.  3  represents  a  beautiful  section  of  one  of  the  discoid 
or  Nautiloid  Foraminifera,  parallel  to,  but  not  quite  through, 
the  axis;  the  enclosing  calcareous  paste  is  there.  The 
transverse  fibres,  of  which  the  shell  consists,  are  visible. 

JFS7.  4  is  a  minute  spiral  shell  of  a  Gasteropod,  (Turbo), 
enclosed  in  a  thin  calcareous  paste. 

Mff.  6.  A.portion  of  a  species  of  Cidaris,  enclosed  in  an  oval 
grain,  which  is  formed  of  concentric  sheaths  of  radiating  fibres^ 

Fiff.  6.  A  finger  joint  of  an  Encrinite,  enclosed  in  a  grain 
of  opaque  granular  calcareous  paste,  in  which  neither  con- 
centric sheaths  nor  radiating  fibres  are  distinct. 

The  Oolitic  grains  are  separately  suspended,  so  to  speak, 
in  a  connected  mass  of  clear  crystallized  carbonate  of  lime . 
and  this  circumstance  is  almost  universally  recognised  in  the 
Ocdites  of  the  North  of  England.  The  Oolite  of  Ketton,  in 
Northamptonshire,  is,  in  this  respect,  very  different,  being 
mostly  an  aggregation  of  round  grains  in  contact. 

In  the  chalk  of  Yorkshire  occur,  but  far  less  frequently 
than  in  that  of  Kent  and  Germany,  minute  Foraminifera, 
especially  of  the  genera  Rotalia  and  Textilaria.  I  have 
rarely  found,  in  it  the  spicula  of  sponges,  or  the  minute 
coralloidal  bodies  which  are  mentioned  elsewhere. 
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The  Yorkshire  chalk  is  not  so  well  suited  for  microscopic 
examination  as  that  of  the  South  of  England,  nor  are  the 
flints  which  abound  in  it  so  rich  in  organization  as  those  ol 
Kent  and  Wiltshire.  They  appear,  however,  to  contain, 
though  in  less  abundance,  the  same  minute  organizations. 
Flint,  with  a  peculiar  cloudy,  mottled,  textnral  arrange- 
ment, which  Mr.  Bowerbank  refers  to  sponge,  contains 
imbedded  in  its  substance  seyeral  kinds  of  minute  struc- 
tures, of  which  the  so-called  Xanthidta  are  the  most 
remarkable.  In  general,  I  find  in  the  chalk  and  flint  a 
quantity  of  organization,  continually  increasing  in  propor- 
tion to  the  clearness  and  perfection  of  the  microscope. 
Not  a  small  part  of  the  mere  powder-grains  are  single 
cells  of  the  Rotalia  and  Teztilaria.  (See  Fig.  7  for  the 
outline  of  a  Rotalia.)* 

Among  the  numerous  lacustrine  deposits  on  the  ooast  of 
Yorkshire,  of  which  16  years  ago  I  published  the  descrip- 
tions, one  has  often  since  attracted  my  attention,  from  the 
great  probability  of  its  containing  Infusorial  animalcula.  I 
allude  to  the  peculiar  white  and  brown  cretaceous  marly 
deposits,  a  quarter  of  a  mile  north  of  Bridlington.  I 
have  often  examined  this  marly  substance,  but  my  instru- 
mental means,  till  within  a  few  years,  were  inadequate  to 
the  research.  The  Rev.  W.  V.  Harcourt  found  it  to  contahi 
a  certain  proportion  of  silica.  I  have  repeated  this  experi- 
ment, and  find  among  the  siliceous  grains  left  by  the 
action  of  dilute  acid,  a  considerable  number  of  Loricated 
Infusoria,  chiefly  of  the  genera  Nayicula,  Cocconema,  Ba(nl- 
laria,  and  Eunotia.  I  have  also  been  fortunate  enough  to' 
discover  a  new  species  of  the  rare  genus  Oampilodiscus 
in  tbis  marl;  and  as  occurrences  of  this  kind  are  not 
frequent  in  England,  and  as  no  fossil  Inftisoria  have  been 

*  Dr.  ManteU  has  found  in  the  substance  of  flint  not  only  the  shells  but  the 
animal  substance  of  RotaliaB. 
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as  yet  even  mentioned  in  Yorkshire,  I  have  drawn  up  a 
short  catalogue  of  the  contents  of  the  deposit,  as  far  as  I 
have  yet  traced  them. 

In  the  Bridlington  Deposit  occur : — 

Foraminifera...     1.  Rotalia {  Probably  derived  by  watery  ac- 

2.  Textilaria...  \     tion  from  the  adjoiniog  chalk. 
Infusoria. 

Pyxidicula  ? 

Gaillonella  varians Also  at  Bann,  Ireland. 

Navicula  phoenicenteron „  „ 

„        inequalis „  >, 

„         viridis „  „ 

„        gibba  „  ,j 

9,        indeterminate At  Berlin. 

Cocconema  lanceolata    At  San  Fiora. 

Bacillaria  vulgaris „ 

Campilodiscus  zonalis  * ,1 

Eunotia  diadema ••  „ 

,,        serra At  San  Fiora  and  in  Hanover. 

Synedra  ulna  Also  in  the  Polierschiefer. 

JPiff.  8  represents  the  Campilodiscus  zonalis,  found  fully 
inflected,  as  some  of  the  specimens  of  Campilodiscus  clypeus 
occur  at  Egra.  Fiff.  9  shows  its  expanded  discoid  aspect, 
when  the  inflection  is  slight,  but  easily  made  evident  by  a 
proper  management  of  the  microscope.  The  radii  (if  they 
may  be  so  called)  are  symmetrical  to  two  axes,  which  may 
be  compared  to  the  equator  and  a  central  meridian,  in  the 
common  projection  of  the  sphere,  the  seeming  radii  being 
slightly  comparable  to  the  terminal  parts  of  the  arcs  of 
latitude  in  this  projection.  In  very  favourable  lights,  con- 
centric striations  may  be  detected  crossing  these  ribs,  and 
there  is  some  appearance  of  punctation  on  the  outer  edge. 
In  other  cases,  the  ribs  seem  nearly  smooth  or  delicately 
punctated.      This  may  arise  from  the  difierent  character 

•  See  F^$,  8  and  9. 
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of  the  two  discoid  faces.     These  specimens  are  rare,  eyen 
in  fragments. 

The  Infusorial  remains  are  by  no  means  equally  diffused 
through  the  marL  On  some  occasions  I  have  sought  whole 
days  in  yain  for  any  interesting  forms,  but  sometimes  a 
small  fragment  of  marl  has  yielded  me  a  good  supply. 
They  are,  howeyer,  nerer  so  plentiful  as  in  many  of  the 
localities  in  Italy,  Germany,  Hanover,  Sweden,  and  North 
America.  The  deposits  of  San  Flora,  in  Tuscany,  and 
Hanover,  seem  to  yield  nearly  all  the  species  of  Bridling- 
ton ;  and  in  CharlestoortKs  Magazine  for  1839,  and  in  a 
drawing  in  the  possession  of  Dr.  Mantell,  many  of  the 
same  Infusoria  are  noticed  from  Bann,  in  the  county  of 
Down,  in  Ireland. 

As  it  thus  appears  from  all  the  investigations,  that  there 
are  two  tribes  in  particular  which  have  left  their  minute 
remains  in  such  abundance,  through  a  large  series  of 
rocks,  as  to  have  been  rather  boldly  regarded  as  the  real 
constituent  molecules  of  them,  I  shall  add  a  short  summary 
of  their  more  remarkable  natural  characters,  as  determined 
by  examination  of  living  and  fossil  specimens. 

1.  The  Foraminifera  consist  of  an  external  shell  and 
internal  soft  animal,  which  fiUs  it.  The  shell  is  con- 
camerated,  or,  to  speak  more  correctly,  is  composed  of 
several  cells,  arranged  in  a  series  either  discoid  or  spiral, 
or  aggregated ;  the  cells  communicating  by  large  openings, 
all  filled  by  connected  tubes  of  the  animal  substance,  and 
(usually)  perforated  on  the  free  surfaces  by  many  small 
holes,  which  give  passage  to  fine  cilis,  or  pseudopodia,  like 
the  ciliae  of  bryozoa. 

The  ovary,  digestive  canal,  &c,  are  known  to  take  a 
direction  through  several  cells;  no  nervous  system  has 
yet  been  seen;  no  vascular  circulation  is  known;  no 
special  organs  for  respiration ;  and  in  general,  though  the 
shell  is  polythalamous,  the  animal  is  not  a  Cephalopod, 

x2 
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but  Acephalous,  and  of  the  Zoophytic  type^     The   shell 
is  cakareaus* 

Animak  of  this  kmd  seem  to  have  had  little  or  no 
locomotioti,  beyond  what  bdongs  to  the  0¥a  of  many  h^ 
rertebrata.  The  ciliae  probably  produced  currents  in  the 
water,  as  the  cilise  of  the  Sertularidtt  do. 

The  recent  Nonionina  and  Rotalia  haye  been  fully  described 
by  Ehrenberg  (  Taylar*s  SeierUifie  Memoirs.)  The  specimens 
which  he  examined  were  from  Cuxhayen. 

Rotalia  is  a  spiral  and  discoid  form,  composed  of  six  or 
more  nearly  globular  cells,  the  last  being  largest 

Textilaria  is  spiral  or  plaited  round  an  axis,  and  resembles 
often  a  small  spiral  Qasteropod. 

Nearly  all  the  Infusorial  fossils  belong  to  the  peculiar 
group  of  forms  which  the  Botanist  claims  as  jointed  algae, 
or  disjointed  alg»;  and  the  Zoologist  regards  as  sdf- 
moving  self-dividing  animals,  hating  (in  some)  digestife 
cavities  within  the  body,  and  (in  some)  external  vibratile 
ciliss.  They  are  found  associated  (jointed  alga),  or 
detached  (disjointed  algss).  They  are  all  externally  covered 
by  a  siliceous  shield  or  shell,  by  the  forms  and  structures 
of  which  the  genera  and  species  are  determined. 

It  appears  from  the  researches  of  Ehrenberg,  that  the 
species  found  at  Bridlington  are  nearly  all  now  living  at 
this  present  day.  It  is  somewhat  difficult  to  assure 
ourselves  of  this  perfect  identity,  in  reqmct  of  such 
microcosms;  but  observers  agree  in  the  statement  that 
no  clear  or  certain  mark  of  distinction  appears  between 
the  fossil  and  recent  specimens  of  the  Navicula,  which 
have  been  named  as  under : — 

Navicula  phcBiiieenteroii. 

»,        insBqualU* 

99        viridis. 

„        gibba. 

„       scalprum. 
BaciUaria  vulgarit. 
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This  concludion  of  the  identity  with  living  types  of  many 
of  the  Infosorifd  fonns,  which  occur  in  tertiary  and  supra* 
tertiary  deposits,  is  in  harmony  with  researches  into  other 
tribea  of  fossil  animals.  But,  in  extending  our  Tiew  to 
older  strata,  sopie  difference  arises  in  this  respect  It  is 
well  known  that  at  the  most,  only  one  or  two  species 
of  the  foasU  shells  which  occur  in  the  chalk  are  identical 
with  recent  shells;  and  there  is  no  other  tribe  of  tba 
animal  kingdom,  except  the  microscopic  races,  which  yield 
eyen  one  such  analogue,  in  the  chalk  or  strata  below.  But 
of  the  microscopic  Infusoria^  Ehrenberg  mentions  three  living 
species  which  occur  in  the  flint,  viz* : — 

Peridiniom  pyrophoninu 
Xanthidium  ramosum. 
M  hirsutum. 

And  three  others,  which  occur  in  the  white  chalk,  vis* : — 

Frsgilaria  rhabdosonia. 

,1        striolsta. 
Gaillonella  aurichalcea. 

He  also  enumerates  in  the  white  chalk  of  England, 
Denmark,  and  Sicily,  nine  species  of  Foraminifera,  which 
are  also  living  in  the  sea,  viz.:—* 

1.  Gtobigerina  bulloldes. 

2.  f,  helicina. 

3.  Rosalina  globularis. 

4.  Rotalia  ocellata. 

5.  ,»  globulosa. 
&  „  perforata* 
7*       „       turgida. 

8.  TexUlaria  aciculata. 
9*         ,9         globulosa. 

If  we  reflect  on  the  number  of  the  fossil  forms  here 
referred  to  living  types,  the  great  skill  and  patience  of 
the  observer,  and  the  support  which  he  has  received  to  a 
certain  extent  from  other  naturalists,  we  shall  be  disposed 
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to  accept  the  conclusion  of  M.  Ehrenberg  as  probable.  It 
is,  moreoTer,  confirmed  by  the  facts  already  alluded  to,  of 
one  or  two  species  of  recent  shells,  (Terebratula  caput 
serpentis  and  T.  vitrea,)  which  are  regarded  by  eminent 
naturalists  as  undistinguishable  from  the  T«  striatula  and 
T.  subundata  of  the  chalk. 

We  must,  therefore,  admit,  in  respect  of  the  living  species  of 
these  microscopic  Foraminifera  and  Infusoria,  an  earlier  date 
among  the  stratified  rocks  than  belongs  to  nearly  every  other 
living  tjrpe;  an  interesting  conclusion,  on  which  M.  Ehrenberg 
has  founded  a  series  of  propositions,  which  are  valuable,  but 
less  novel  than  some  authors  suppose.  For  it  is  not  only 
perfectly  well  established  in  Geology,  that  each  group  of  life 
has  its  own  laws  of  distribution  in  the  earth,  which  can  only 
be  known  by  observation,  but  further,  that  the  Geological 
range  through  which  fossil  species  occur  is  greater  in  the  in- 
vertebral  than  in  the  vertebral  tribes ;  greater  in  the  M ollusca 
than  in  the  Crustacea ;  and  greater  in  the  Zoophyta,  to  which 
these  fossil  Foraminifera,  and  some  at  least  of  the  Infusoria, 
belong,  than  in  any  other  grade  of  animal  life. 

In  accordance  with  this  view,  we  find  in  the  Mountun 
Limestone,  Zoophyta  and  Mollusca,  which  are  referrible  to 
existing  genera,  with  Fishes  of  extinct  genera,  but  no 
Reptiles;  in  the  chalk,  Reptiles  of  extinct  genera,  with 
Zoophyta  and  Shells,  of  which  one  or  two  belong  even  to 
living  species ;  and  in  the  marls  of  Bielbeck,  in  Yorkshire, 
thirteen  forms  of  Shells,  belonging  to  species  now  living, 
with  the  extinct  Elephant,  Rhinoceros,  and  Lion. 

The  subject  to  which  I  have  called  your  attention  to-day 
is  one  which  it  is  difficult  to  guard  from  the  rash  hands  of 
cosmogonists,  who  see  in  every  new  Geological  discovery 
only  an  advanced  post  of  science,  which  they,  if  auxiliaries, 
would  unwisely  push  beyond  the  point  of  security;  if 
enemies,   would  as   unwisely  attack  with   their  whole  dis- 
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ordered  force.  Bat  (Geologists,  who  comprehend  the  true 
basis  of  their  sdence,  and  desire  to  see  it  make  real 
progress,  will  follow  the  process  which  has  been  found 
successful  in  eyery  other  branch  of  the  knowledge  of  nature. 
They  will  not  draw  general  conclusions  from  solitary  facts ; 
they  will  not  build  a  system  of  extinct  and  living  nature  on 
microscopic  Infusoria,  but  combining  what  is  now  discoyered 
with  what  has  been  established  before,  will  enlarge  their  data, 
correct  their  reasoning,  and  thus  continually  adyance  toward 
what  is  so  important  in  science,  and  valuable  in  practice, — a 
true  natural  history  of  the  stratified  crust  of  the  globe. 


The  Rev.  Dr.  Scorbsby,  of  Bradford,  expressed  his 
gratification  at  the  paper  they  had  just  heard.  In  the 
course  of  his  own  experience  in  the  Northern  Seas,  he 
once  perceived  some  large  portions  of  the  water  of  a 
deepish  yellow  colour.  He  took  a  small  quantity  and  bottled 
it,  supposing  that  it  might  be  some  livbg  creatures  that 
caused  that  colour.  To  his  delight,  he  found,  on  placing 
it  under  a  microscope,  that  there  were  no  less  than  26,000 
living  creatures  in  a  single  drop  of  that  water ;  they  having, 
evidently,  abundant  space  for  enjoyment,  and  perhaps  one  of 
their  highest  pleasures  was  in  being  confined  in  such  a  short 
space.  

William  West,  Esq.,  F.R.S.,  of  Leeds,  then  read  a 
paper  ^^  Upon  some  Peculiar  States  of  Water  at  High 
Temperature,  and  upon  the  Freezing  of  Water  in  Red 
Hot  Vessels."  These,  he  said,  were  first  made  known  to 
chemists  by  M.  Boutigny,  at  Cambridge.  Some  of  M. 
Boutigny's  views  had  been  called  in  question,  and  it  was 
disputed  whether  the  explosion  of  steam  boilers  ever  arose 
from  the  cause  described.  He  was  not  going  to  enter 
into  a  discussion  on  the  subject,  but  to  show  a  few  ex<* 
periments  rather  in  explanation  than  in  defence  of  Mens* 
Boutigny's  views  on  the  subject     These  experiments  had 
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beeD  eompwed  to  a  practice  used  in  tbe  kandry,  of  spitting 
upon  a  hot  smoething-iroii  to  Mcertain  whether  k  was 
BUfficientlj  hot  Mr.  West  having  brougbf  to  a  red  heat 
a  small  platiiia  didi»  let  fail  nfon  it  a  few  dropa  of  water» 
which  did  not  paae  of  as  steam,  but  contimied  to  roU  about 
the  vessel  lihe  large  globules  of  quicksilver,  although  healed 
much  beyond  die  boilii^  point  of  water.  Immediately,  how-* 
ever,  on  atlowiag  the  platina  cup  to  oo<d  a  little,  the  whole 
of  the  water  passed  off  in  a  state  of  steam.  Mr.  West 
proposed  to  oall  these  the  adherent  and  the  non«adhereni 
states,  in  place  of  the  terms  spheroidal,  used  by  M*  Bou- 
tigny.  Another  experiment  was  in  a  boiler,  with  a  cork 
placed  in  it,  instead  of  a  safety  valvew  The  boil»  was 
irst  made  red  hot,  and  water  was  poured  into  it,  which 
remained  without  apparent  change;  but  immediately  on 
taking  the  boiler  from  the  fire,  and  aUowing  it  to  cool,  the 
whole  of  the  water  was  converted  into  steam*  driving  oat 
liie  cork  with  a  violent  explosion,  and  causing  an  escape 
of  the  whole  of  the  steam  contained  in  it  The  third  ex- 
periment was  the  conversion  of  water  into  ice  in  a  red 
hot  vesseL  Liquid  sulphurious  acid,  and  water,  were 
poured  at  the  same  time  into  the  red  hot  capsule;  the 
water,  prevented  from  contact  with  the  vessel  by  the  great 
heat,  was  cooled  by  the  evaporation  of  the  acid,  and  im«- 
mediately  converted  into  ice.  These  experiments  by  Mr. 
West  excited  a  high  degree  of  interest,  and  were  p^ormed 
with  great  skiU  and  adroitness. 


The  Rev.  Dr.  Scorbsby  rose  to  mention  a  circumstance 
in  illustration  of  the  paper  and  experiments  of  Mr.  West 
It  was  an  eruption  of  Mount  Etna,  from  which  an  immense 
quantity  of  liquid  lava  flowed  down  towards  a  lake,  in  the 
presence  of  a  number  of  spectators.  When  the  lava  came 
very  near  the  lake,  the  people  all  fled,  expectmg  an  explosion; 
but,  to  the  surprise  of  all,  it  went  in  qnietly,  and  produced 
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no  effect  whatever.  The  people  then  returned  to  see  the 
wonderful  sight ;  bot^  aa  soon  as  the  lava  had  got  sufficiently 
cooled  down,  an  explosion  did  take  place,  and  such  a  mass  of 
hot  water  was  thrown  out,  that  sixty  persons  bst  thdr  lives 

on  the  occasion.  

The  Doctor  then  proceeded  to  give  extemporaneously  his 
paper,  ^'  Observations  on  the  Currents  and  Phosphorescence 
of  the  Atlantic."  He  gave  at  considerable  length  the  result 
of  his  observations  when  sailing  at  various  times  across  the 
Atlantic,  and  in  the  Northern  Seas»  He  said  it  was  not 
true  that  the  under-currents  were  stationary ;  for  the  water 
might  be  moving  at  the  surface  in  one  direction,  and  the 
lower  part  in  another,  as  the  same  rule  governed  the 
currents  of  the  ocean  as  of  the  air.  Hence  they  saw 
the  clouds  going  one  way  while  the  wind  was  blowing 
another.  On  the  subject  of  the  phosphorescence  of  the 
waters,  there  waa  a  difference  of  opinion  as  to  the  cause ; 
but  he  had  no  doubt  that  the  main  cause  was  the  exbtence 
of  small  animal  bodies,  many  of  which  had  the  property  of 
being  luminous  when  agitated  and  disturbed  in  the  dark. 
On  one  occasion,  when  going  across  the  Atlantic,  he  had 
observed  that  when  the  water  was  a  rich  blue  colour,  there 
were  very  few  living  things  in  the  water;  and  the  ultra- 
marine colour  was  the  purest  water.  But  when  the  sea 
became  a  sort  of  bottle-green  colour — ^he  procured  some, 
and  found  there  were  in  it  a  quantity  of  animalcula,  among 
which  were  some  very  remarkable  creatures,  and  also  a  vast 
number  of  molluscous  animals  of  a  spheroidal  form,  which 
attached  themselves  to  each  other  in  rays  of  regular  order ; 
subjecting  themselves  to  one  motion,  so  that  if  one  only  moved, 
the  others  must  also  move  in  the  same  way.*  On  some  occa- 
sions, when  these  animals  were  in  action  at  the  surface  of  the 
waters,  the  sea  presented  the  most  beautiful  appearance ^that 

*  Probably  of  the  genus  Salpa? 
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of  a  liquid  fire  ;  the  wares  being  crusted  with  luminousness, 
and  the  appearance  altogether  grand  and  imposing. 


THE  EVENING  MEETING. 

Earl  FiTZwiLLiAM  having  resumed  the  Chair, 
The  Rev.  Dr.  Scoresbt  described  at  some  length  one 
or  two  interesting  communications  which  he  had  made  at 
the  recent  meeting  of  the  British  Association  at  Cambridge, 
embracing  that  by  Mr.  Hunt  ^*  On  the  Changes  produced  by 
the  Solar  Rays ;"  and  another  by  Mens.  Couloier  Gravier, 
'^  Observations  on  Falling  or  Shooting  Stars  at  Rheima  and 
Paris/'  who  had  ascertained  that  in  the  Northern  quarter 
there  were,  on  an  average,  74  per  day;  in  the  Eastern 
quarter,  114;  in  the  Southern  quarter,  63;  and  in  the 
Western  quarter,  33.  He  found  that  the  time  for  the 
greatest  number  was  six  in  the  morning,  and  the  fewest 
at  six  in  the  evening.  The  greatest  number  was  on  the 
9th  of  November,  and  the  next  greatest  number  was 
on  the  8th  and  9th  of  August  The  number  of  5,202 
shooting  stars  had  been  perceived  in  1,054  hours,  an 
average  of  five  in  an  hour.  The  result  of  his  calculation 
was,  that  about  six  millions  of  these  shooting  stars  were 
occurring  annually  within  sight  of  the  observer.  The 
Doctor  lastly  described  a  large  magnetic  machine  of  his 
own  construction,  with  some  results  of  its  action. 


Mr.  Denny  then  read  the  following  paper  : — 

ON  THB  FOSSIL  ANIMAL  BXUVI£  OF  THE  YORKSHIRE 
COAL  FIELD.  BY  HENRY  DENNY,  A.L.S.,  ETC.,  OF 
LEEDS. 

As  every  attempt,  however  slight,  to  illustrate  or  investigate 
the  Gteology  or  Zoology  of  any  particular  district  cannot  ftul 
to  be  of  some  service  to  science,  I  venture  to  submit  to  the 
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Geological  and  Polytechnic  Society  of  the  West-Ridiog,  a 
brief  sketch  of  the  FossU  Animal  Exuvub  of  the  Yorkshire 
Coed  Field.  That  the  list  which  will  be  submitted  to  you  is 
imperfect  I  feel  fully  persuaded,  from  my  not  having  had  the 
opportunity  of  ascertaining  what  the  different  collections  in 
the  neighbourhood  contain.  But  it  occurred  to  me,  that 
if  some  individual  prepared  the  skeleton  of  a  catalogue,  it 
might  be  amplified  and  rendered  more  complete  by  those 
whose  information  was  more  extensive,  and  thus  form  a 
synopsis  worthy  of  the  attention  of  a  Society  whose 
particular  province  it  is  to  collect,  collate,  and  register 
facts  especially  connected  with  the  local  Geology  and 
History  of  the  West  Riding  of  Yorkshire,  that  being 
the  kind  of  information  which  practical  Geologists  will 
naturally  expect  them  as  a  body  to  supply ;  for  it  is 
by  recording  observations  though  in  themselves  apparently 
unimportant,  that  materials  are  furnished  for  more  extended 
and  valuable  investigations* 

The  Coal  Field,  whose  relics  we  have  to  consider,  extends 
in  length,  as  is  pretty  generally  known,  from  Moor  AUerton, 
North  of  Leeds,  to  Sheffield,  and  is  there  further  extended 
into  the  adjoining  counties  of  Derbyshire  and  Nottingham- 
shire; its  greatest  breadth,  I  believe,  is  between  Halifax 
and  Pontefract,  about  20  miles.  Throughout  this  extent 
of  country,  there  are  several  distinct  Coal  seams  or  beds, 
which  are  designated  by  the  name  of  the  locality  in  which 
they  are  principally  worked.  Thus,  the  lowest  is  that 
worked  at  Halifax  and  neighbourhood,  at  the  depth  of  above 
200  yards,  which  extends  to  Idle,  Rawden,  Kirkstall,  and 
Moor  AUerton,  where  it  crops  out  at  only  a  few  inches  in 
thickness,  and  is  of  no  use  as  Coal,  or  worth  working. 
This  seam,  above  all  the  others,  is  peculiarly  characterised 
by  some  organic  remains,  which  we  shall  have  shortly  to 
allude  to.     The  next  in  importance  above  it  is  the  Low 
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Hoor  coal»  or  that  worked  at  Low  Moor,  Bowling,  and 
Bradford;  abore  this  bed  i»  another  worked  also  at  Low 
Moor  and  Boyda,  called  the  black  bed.  The  next  in 
order  is  the  Beeston  Coal ;  next  follows  the  Tery  valuable 
Coal  seams  worked  at  Middleton,  Rothwell  Haigh,  Waterloo, 
and  Wakefield  Outwood  Collieries,  which  are  succeeded  by 
those  of  Lofthouse,  &a  With  the  identity  or  not  of  some 
of  these  seams,  I  have  nothing  to  do ;  I  only  allude  to  the 
most  generally  recognized  Coal  beds,  as  the  source  from 
whence  fossils  have  been  received. 

This  part  of  the  Carboniferous  system  is  distinguished 
irom  all  the  other  formations  by  the  much  greater  abundance 
and  elegance  of  its  fossil  plants,  which  is  only  what  we  should, 
dpriarif  expect,  knowing  as  we  do  that  this  valuable  deposit 
owes  its  existence  to  vast  accumulations  of  vegetable  matter. 
The  plants,  therefore,  have  been  long  known  and  acknow* 
lodged,  though  not  until  very  lately  accurately  identified  and 
classed.  But  the  remains  of  the  higher  divisions  of  the 
animal  kingdom  were  not  even  supposed  to  occur  at  all. 
Mr.  Conybeare,  indeed,  in  his  valuable  '<  Geology  of  England 
and  Waleiy*  says,  ^^  The  remains  derived  from  the  animal 
kingdom  are  very  rare,  and  entirely  confined  to  a  few 
species  of  Testacea,  excepting  that  m  om  instance  a 
fragment  supposed  to  have  been  part  of  the  radius  of  a 
BalUstes  has  been  found.''  That  this  opinion  was  un* 
founded,  I  need  scarcely  say,  when  our  own  district 
furnishes  such  abundant  evidence  to  the  contrary.  Nay, 
I  believe  I  may  assert,  without  fear  of  contradiction,  that 
the  West  Riding  produced  the  first  well  authenticated 
specimens  of  Ichthyological  Exuvis,  from  the  Coal  forma- 
tion, in  the  justly  celebrated  Heads  of  Megalichthys,  from 
the  Low  Moor  and  Waterloo  Collieries,  drawings  of  which 
were  sent  to  Cuvier,  in  1823,  for  his  opinion  as  to  their 
Reptilian  or  Fish  nature. 
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That  the  enumeration  of  Animal  ExaTiA,  which  wiU  be 
aubiiiitted  to  you,  is  meagre,  I  eannot  deny  ^  but  from  what 
has  just  been  stated,  I  presume  every  one  will  be  prepared 
to  expect  this :— that  is,  as  compared  with  the  earlier  and 
subsequent  formations.  This  is  more  especially  &e  case^ 
however^  with  the  Invertebrate  tribes.  No  Zoophytes,  no 
Crustacea,  (with  a  solitiury  exception),  no  Echinodermata» 
and  only  a  few  Molhiscous  Ammals  and  C!onchifera*  This 
paucity,  however,  is  easily  accounted  for,  if  we  consider 
Coal  as  a  fresh-water  deposit  in  the  first  instance,  in  which 
we  must  all  be  well  aware  the  number  of  Molluscous  Animals 
and  Crustaceans,  wheAer  in  rivers,  lakes»  or  pondi,  is  very 
small,  when  compared  with  the  countless  myriads  and  variety 
of  forms  which  people  the  ocean;  and  add  to  which,  tha 
total  exclusion  of  Zoophytes,  Echinoderms,  Acalephm,  and 
Tunicata,  &&  Reasoning,  then,  upon  such  premises,  only 
a  very  limited  proportion  of  the  former  inhabitants  of  such 
localities  can  be  expected  to  occur  in  the  Coal  strata.  For 
instance,  of  the  Brachiopodoas  Conchifera,  six  hundred  fossil 
flpecies  are  known  in  the  older  rocks.  In  the  Coal  strata,  we 
have  only  one  or  two  at  most  How  is  this  to  be  accounted 
for  ?     They  are  dl  marme. 

As  we  find  the  quality  of  Coal  varies  in  different  parts  of 
the  kingdom,  so  also  do  we  find  varieties  in  the  fossil  remiuns^ 
which  is  a  point  of  great  interest  I  am  not  aware  that 
examples  of  the  fossil  Flora  have  ever  been  found  associated 
with  the  exuvi»  of  Vertebrate  animals ;  with  Invertebrate, 
they  are  oocarionally. 

These  facts,  if  duly  investigated,  may  prubably  throw 
some  important  ligl^  upon  the  different  ebcumstonces  under 
which  the  various  Coal  seams  were  depomted.  Were  any 
Vegetable  relics  ever  lound  in  the  cminel  or  stone  Coal  ? 
I  believe  not  Whiie^  <m  the  oAer  hand,  the  remains 
of  our  largest  fishes  are  iheri  the  most  abundant     Tfae 
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Ichthyolites  are  generally  in  a  highly  bituminons  shale, 
Bometimes  forming  the  roof^  and  at  other  times  the  floor) 
of  the  Goal  seam;  while  the  fossil  plants  occur  in  the 
argillaceous  shales  and  sandstones,  which  occupy  the  same 
situation,  but  appear  destitute  of  the  former  substance. 
Can  the  presence  of  bituminous  matter  in  the  one  instance, 
and  its  absence  in  the  other,  be  owing  in  any  degree  to 
the  decomposition  of  animal  substances?  which  has  been 
conjectured  by  some  writers  as  affording  a  probable  ex- 
planation of  the  difference  which  they  present  in  miner- 
alogical  analysis. 

The  different  seams  of  Coal,  even  in  the  same  pit,  will 
not  always  yield  the  same  remains.  At  Middleton,  there 
are  three  seams,  known  as  the  Fish  Coal,  Yard  Coal, 
and  Main  Coal.  In  the  roofing  shale  of  each  of  these 
seams  fish  remains  occur,  but  in  the  first  more  especially ; 
hence  the  colliers  have  designated  it  the  Fish  Coal,  and  Mr. 
Teale  the  Ichthyophorous  shale.  Tn  the  Main  Coal  shale, 
we  find  a  much  smaller  number  of  fish  exuviae,  but  they 
are  of  a  peculiar  character  and  of  greater  magnitude,  such 
as  large  vertebrae  and  dorsal  rays  or  spines,  &c.,  of  shark- 
like fishes ;  while  the  Yard  Coal  is  still  more  deficient,  and 
contains  only  a  few  small  teeth  of  Holoptychius  and  Ctenop- 
tychius.   ' 

"  The  manner,"  observes  Mr.  Williamson,  "  in  which 
Ichthyolites  are  associated  with  other  remains  in  different 
localities  is  well  worthy  of  attention.  At  Burdiehouse, 
they  occur  in  the  midst  of  Unios,  Cyprides,  and  Micro- 
conchus  Carbonarius ;  at  Colebrook  Dale,  with  species  of 
Orbicula,  Trochus,  Nautilus,  Orthoceras,  and  Condaria; 
in  the  Lower  Measures  of  Lancashire,  in  beds  nearly 
associated  with  those,  containing  Goniatites  Listen,  and 
Pecten  Papyraceus;  in  the  Higher  Measures  of  Lancar 
shire  and  in  Yorkshire,  with  Unionidse  and  Entomostraca ; 


! 


Digitized 


by  Google 


993 

at  Middleton,  with  Lingulse;   at  the  top  of  the  series  in 
Lancashire  and  Derbyshire,  with  MytilL'' 

The  highest  ckss  of  vertebrate  animals  whose  remains 
are  foond  in  the  Coal  Measures,  is  that  of  Fishes.      On 
the  continent  between  Coblentz  and  Cologne,  there  is  what 
is  termed  the  brown  Coal  formation  or  paper  Coal,  (a  more 
recent  deposit,  however,  than  the  Coal  Field,)  in  which  are 
foond  besides  Fishes,  Batrachian  Reptiles,  as  the  frog,  &c. 
Mr.  Lyell  states  that  an  entire  jaw  and  other  bones  of  an 
extinct  mammiferous  quadruped,  the  Anthracotherium,  have 
been  found  in  the  Coal  beds  of  Cadibone,  the  bone  itself 
being  changed  into  a  kind  of  Coal.     In  these  beds,  however, 
although  comprising  Carbonaceous  shales,  and  several  seams 
of  Coal  from  two  to  six  feet  in  thickness,  no  shells  have 
been  discovered,   nor  impressions  of  plants  of  which  the 
species  can  be  determined.     In  the  Yorkshire  Coal  Field, 
though  we  cannot  lay  claim  to  any  quadrupedal  or  reptilian 
remains,  still  we  have  the  fishes  of  various  genera  and  species, 
which  are  of  great  importance  to  the  Geologist    ^^  Fishes," 
observes  Agassis,  <^  being  more  than  all  other  animals  most 
intimately  connected  with  the  incidents  of  the  water,  and  then: 
organization  being  besides  very  high  up,  they  are  better  cal- 
culated than  any  other  class  to  give  us  clear  ideas  regarding 
the  changes  which  have  been  going  on  in  such  vast  seas  as 
have  formerly  covered  over  the  earth.     We  shall  be  enabled 
to  determine  if  a  fish  has  lived  in  rivers,  in  lakes,  or  in 
ponds;    in  the  high  sea  or  upon  its  shores;  if  it  was  an 
inhabitant  of   the  surface  of   the  water,   or  of  its  great 
depths ;  which  indications,  more  or  less  valuable,  will  aid  us 
in  determining  corresponding  circumstances  with  regard  to 
the  formation  of  rocks."     To  enable  the  Geologist,  however, 
to  bring  so  successfully  Zoological  identity  to  his  assistance, 
he  must  enter  into  the  labours  of  the  Comparative  Anatomist, 
and  Zoologist,  and  study  the  minute  structure  and  characters 
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of  aaimab,  wUch  die  world  at  lai^^  think  of  Iktle  falue; 
inasmuch  as  he  will  frequently  ha?e  only  a  small  portiott, 
nay,  perhaps,  only  a  scale  of  a  fish,  to  work  out  his  problem 
by,  yet  it  is  by  such  an  accurate  knowledge  of  siaaU  tfaiagB, 
that  results  of  the  greatest  interest  may  be  come  at.  Wko 
would  ha^e  beliered^  a  few  years  ago«  that  we  should  be  able 
to  declare  with  predsion,  the  exact  species  of  fish  wbioh 
formed  perhape  the  principal  food  of  the  Xchthyosaurus, 
Drom  the  undigested  scales  which  are  seen  in  the  CoproUtes 
from  Lyme  Regis,  or  Aat  have  been  sealed  up  for  agea, 
in  the  stony  stomach  of  these  monsters  of  a  primeval  world. 
Tet  this  has  been  done,  and  from  a  single  scale.  (Vide  <^  Dr. 
BmcUand"^  Bridgewater  Treatise^""  p.  191,  to  which  work 
I  am  indebted  for  much  ralaable  information  occurring  in 
this  paper.)  It  is  thus  by  attentively  examining  the  peculiar 
diagnostic  characters  which  the  scales  of  each  family,  genua, 
or  species  of  fish  presentsi  that  Agaasiz  has  been  enabled 
to  apply  his  classification  of  fishes,  with  so  much  efiect,  to 
Geological  inveetigations»  it  being  based  upon  the  dermal 
covering  whidi  appears  the  most  durable.  Thb  partly 
arises  from  the  fact,  that  the  enamdled  condition  of  the 
scales  of  most  fishes,  which  exiilted  during  the  earliest 
Geological  epochs,  rendered  them  much  less  destroctibte 
than  their  internal  skeleton;  and  cases  frequently  ocGut% 
where  the  entire  scales  or  figure  of  the  fish  are  perfectly 
preserved,  whilst  the  bones  within  these  scales  have  dis- 
appeared altogether.  Hence  the  perfect  character  fji  the 
difierent  fiuniUes  of  fishes  will  b^  preserved  for  ages, 
though  not  a  vestige  of  their  muscular  or  bony  supports 
remain.  Thns  are  Iheir  very  portraito  indelibly  rtamped  on 
their  rocky  sepulchres.  And  it  is  of  importance  from 
4he8e  medals  of  creation  to  notiee»  ba  Dr.  Buckland 
observes,  ^^  That  all  the  great  changes  in  the  characters 
of  fossil  fishes^  have  taken  plaee  siimultaneoiiriy  with  iihe 
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most  importaiijt  alterations  in  the  other  classes  of  fossil 
animals  and  vegetables,  and  also  in  the  mineral  condition 
of  the  strata.  Hence  we  find  that  the  genera  of  fishes 
which  prevail  in  strata  of  the  Carboniferous  order,  are 
found  no  more  after  the  deposition  of  the  Magnesian  Lime- 
stcme.  Those  of  the  Oolitic  series  were  introduced  after 
the  Magnesian  Limestone,  and  ceased  suddenly  at  the 
commencement  of  the  Cretaceous  formations.  The  gmera 
of  the  Cretaceous  formations  are  the  first  that  approxi- 
mate to  existing  genera.  Those  of  the  lower  Tertiary 
deposits  of  London,  Paris,  and  Monte  Bolca,  are  still 
more  nearly  allied  to  existing  forms;  and  the  fishes  of 
Oeningen  and  Aix  approximate  again  yet  closer  to  living 
genera,  although  every  one  of  their  species  appears  to  be 
extinct.  Not  a  single  species  of  fossil  fish  has  yet  been 
found  that  is  common  to  any  two  great  Geological  forma- 
tions, or  living  in  our  present  seas.  In  1836,  M.  Agasnx 
had  determined  upwards  of  1,000  species  of  fossil  fish,  of 
which  about  400  were  British,  whose  Geological  distribution 
approach  somewhat  to  the  following, — Silurian  system,  5  or 
6;  Old  Red  Sandstone,  20;  Coal  Measures,  56;  Magnesian 
Limestone,  16;  Oolitie  series,  150;  Green  Sand  and  Chalk, 
50 ;  London  Clay,  50 ;  Crag,  5  or  6 ;  since  which  period 
the  numbers  are  greatiy  increased,  especially  in  the  Old 
Bed  Sandstone. 

Having  dwelt  longer  than  perhaps  I  am  justified,  in 
introducing  to  your  notice  the  value  of  fossil  fishes,  in 
a  Geological  point  of  view,  with  theur  distribution,  I  must 
now  proceed  to  my  analysis  of  the  animal  remains  in  our 
own  Coal  Field.  For  the  information  of  those  who  may 
not  have  looked  into  the  subject,  I  feel  it  necessary  to 
explain  that  the  four  orders  under  which  the  fish  are  classed, 
is  in  accordance  with  the  views  of  M.  Agassiz.  1.  The 
Placaidiam.  2.  Ganoidians.  3.  Ctenaidians.  4.  CycloidUmM. 
Each  of  these  orders  existed  during  particular  Epochs.    Only 
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the  Placoids  and  Ganoids  existed  before  the  connneneeineiit 
of  the  Cretaceoufi  formations.  The  Ctenoids  and  Cycloids, 
which  contain  600  out  of  the  8000  known  liring  species 
of  fidies,  appear  for  the  first  time  in  the  Cretaceous  strata, 
when  all  the  preceding  fossil  genera  of  the  two  first  orders 
had  become  extinct,  which  are  those  only  to  which  we-  shall 
have  to  refer.  Of  the  Placoidians,  the  most  frequent 
remains  obseryed  in  the  Coal  formation  belong  to  the  Shark 
family.  The  specimens  which  have  come  under  my  notice, 
consist  of  Hike  teeth  and  dorsal  Spines,  or  Ichthyodorulites, 
as  they  have  been  called,  of  the  Hybodonts ;  of  these,  fine 
specimens  of  Gyracanthus  formosus,  and  Pluracanthus 
planus,  have  been  found  at  Middleton  and  Adwalton; 
Ctenacanthus  brevis,  and  Orthacanthus  cylindricus,  in  the 
stone  Coal  at  Adwalton;  of  the  Cestracionts,  only  palatal 
teeth  have  occurred,  and  l^ese  sparingly ;  of  a  species  of 
Helodus  and  Ctenoptychius  pectinatus,  at  Middleton ;  also  a 
fine^  and  I  believe  unique,  specimen  of  Ctenodus  cristatus, 
upon  a  piece  of  Coal  from  Tong,  preserved  in  the  Museum 
of  the  Leeds  Philosophical  Society;  teeth  of  Diplodus 
gibbosus  and  Hybodus  obtusus,  at  Middleton.  M.  Agassis 
also  enumerates,  Petalodus  acuminatus,  from  Leeds,  and 
Carcharopsis  prototypus,  from  Yorkshire,  which  I  cannot 
trace.  As  these  animals  are  amongst  the  most  universally- 
difi'used  and  most  voracious  of  the  modem  fishes,  so  there 
is  no  period  with  which  Geology  is  familiar,  in  which  either 
true  Sharks  or  analogues  equivalent  to  them,  did  not  exist 
Agassiz  determined  the  existence  of  more  than  150  extinct 
species  of  fossil  fishes  allied  to  this  family.  The  first  and 
oldest,  the  Cestracionts,  beginning  with  the  Transition  strata, 
appears  in  every  subsequent  formation,  till  the  commence- 
ment of  the  Tertiary,  and  has  only  one  living  representative, 
the  Cestracion  Phillipi  of  Port  Jackson.  The  Hybodonts, 
beginning  with  the  Muscfael  Ealk,  and  probably  Coal 
formation,  prevails  throughout  the  Oolitic  series,  and  ceases 
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with  the  commencement  of  the  Chalk.  The  SqualoidB  or 
true  Sharks  commence  with  the  Cretaceous  formation, 
and  extend  through  the  Tertiary  strata  up  to  the  present 
time.  In  these  succes^ons,  we  see,  in  the  clearest  maimer, 
the  wisdom  and  the  true  knowledge  of  the  Creator,  who 
in  the  heginning  laid  down,  as  it  were,  certain  fixed  laws 
for  the  govenmient  aad  well-being  of  his  creatures,  and 
pre-ordained  that  certain  offices  or  processes  should  be 
constantly  in  progress^  to  prevent  the  too  rapid  increase  of 
particular  tribes  of  beings,  or  for  the  purpose  of  cleansing 
ihe  waters  of  accumulated  vegetable  substances,  which  it 
was  necessary  to  remove,  to  prevent  their  proving  injurious. 
But  though  these  various  offices  were  constantly  going  on 
at  different  epochs,  it 'has  been  by  the  aid  of  different 
agents,  each  making  way  for  its  successor,  perhaps  better 
adapted  by  organization  for  the  especial  purpose  than  the 
preceding. 

Of  the  Ganoidians,  the  first  which  claims  our  attention 
is  the  Sauroid  Family,  consisting  of  those  insatiable  lizard- 
like fishes,  which  possess  highly  important  characters,  com«- 
bining  those  of  the  reptile  and  the  fish.  Seventeen  graeraof 
Saurian  Fishes  have  been  discovered  fossil,  while  they  have 
only  two  living  representatives, — the  genera  Lepidosteus, 
inhabiting  the  fresh  ^waters  of  America;  and  the  Polypteris, 
the  Nile  and  rivers  of  Senegal  The  largest  fishes  yet  disco- 
vered of  the  Ganoid  order  belong  to  the  genus  Megalichthys, 
which  appear  to  have  been  extensively  distributed  through  the 
Coal  Fields  of  Great  Britain,  more  especially  in  the  cannel  or 
atone  Coal ; — the  first  examples,  and  also  the  most  celebrated 
and  unique,  being  the  nearly  perfect  head  and  portion  of  the 
body  of  Megalichthys  Hibberti,  from  Low  Moor,  deposited 
in  the  Museum  of  the  Leeds  Philosophical  Society  in  1823. 
Subsequently  a  smaller  head  was  found  at  the  Waterloo  Col- 
liery,  which  is  also  in  the  same  Museum ;  since  which  period 
numerous  scales  and  teeth  have  been  detected  at  Middleton 
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and  Adwalton.  From  the  latter  locality,  especially,  seyeral 
very  fine  teeth,  upwards  of  two  inches  in  length,  have  been 
obtained  by  Mr.  Drabble,  of  Leeds,  who  was  informed  1^ 
one  of  the  pitmen  that  a  large  mass  of  scales,  &c.,  in  length 
equal  to  one  of  the  corves,  had  been  brought  up  and  broken 
to  fragments  at  the  pit's  mouth.  ScTeral  small  jaws  occur  in 
the  fish  coal  at  Middleton,  but  whether  belonging  to  the 
young  of  the  same  species  or  of  a  second  I  cannot  determine, 
though  M.  Agassiz  enumerates  two  species  from  Leeds,  vix., 
Megalichthys  Hibberti  and  maxillaris,  the  latter  of  which 
he  does  not  describe  or  figure.  Numbers  of  small  Sauroid 
teeth  have  been  obtained  in  the  stone  Coal  at  Stanley, 
Newton,  and  Overton,  near  Wakefield,  associated  with  a 
large  proportion  of  Goprolites;  also  at  Rothwell  Hugh; 
and  in  the  roof  of  the  better  bed  of  Coal  at  Low  Moor, 
but  more  sparingly. 

The  fins,  scales,  and  operculi  of  a  species  of  Acanthodes, 
as  also  the  scales  of  two  or  three  species  of  Holoptychius, 
are  not  uncommon  in  the  Middleton  fish  coaL  The  latter, 
I  presume,  belonging  to  Holoptychius  sauroides,  and 
minor,  which  Agassis  enumerates  as  from  Leeds.  He 
also  mentions  Platysomus  parvulus  and  Diplopteris  carbon- 
arius.  In  whose  possession  these  are,  or  from  what  part 
of  the  neighbourhood,  I  cannot  ascertain.  The  last  fish  I 
shall  have  to  mention  is  Coslacanthus  Phillipsi,  of  which  a 
portion,  appearing  to  be  the  tail,  was  found  in  the  centre  of 
a  baum  pot,  near  Halifax,  and  now  belongs  to  the  Museum 
of  the  Philosophical  Society  of  that  town.  A  second 
species,  C.  lepturus,  is  recorded  by  Agassiz  from  this 
neighbourhood,  but  of  which  I  know  nothing. 

Proceeding  from  the  only  vertebrate  animals  found  in  the 
Carboniferous  system,  we  are  led,  owing  to  a  remarkable 
peculiarity  in  the  Yorkshire  Coal  Field,  (I  mean  the  occur* 
rence  of  a  purely  marine  deposit,  or  at  least  a  seam  of  Coal 
characterized  by  containing  only  marine  animals,  known  as 
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tbe  Halifax  Coal,)  to  the  very  next  group  of  animals 
sacceeding  the  Vertebrata;  the  highest  of  the  invertebrate 
divigion  being  the  Gephalopodous  Mdlusca.  In  the  Halifax 
Coal  we  find  the  Goniatites  Listen  throughout  its  entire 
course,  though  not  in  equal  perfection;  for  while  in  some 
districts  the  shell  is  perfect,  and,  owing  to  the  presence  of 
iron  pyrites,  has  a  beautiful  metallic  lustre,  at  other  places, 
as  for  instance  at  Moor  Allerton,  where  the  coal  is  reduced 
to  a  thin  bed  of  black-looking  earth,  the  shells  are  com- 
pressed and  nearly  flat  Capt  Thomas  Brown  enumerates, 
in  the  Transactions  of  the  Manchester  Geological  Society, 
G.  mutabiles  and  G.  calyx,  from  the  Goal  shale  near  Tod- 
morden.  In  the  Catherine  Shick  Coal  beds,  near  Halifax,  a 
species  of  Nautilus  has  been  discovered,  which  is  described 
and  figured  in  the  Proceedings  of  this  Society,  page  182,  by 
Dr.  Inglis,  under  the  name  of  Nautilus  BawsonL  In  the 
Museum  of  the  Leeds  Philosophical  and  Literary  Society 
I  have  since  detected  a  specimen  of  this  shell,  which 
has  been  there  many  years.  In  the  Museum  of  the  West- 
Riding  Greological  and  Polytechnic  Society  is  also  a  portion 
of  another  specimen,  found  in  excavatmg  the  tunnel  for 
the  Sheffield  and  Manchester  Railway,  at  Dunford  Bridge. 
Another  genus  of  this  group,  Orthoceras,  occurs  in  the 
same  bed,  but  is  not  very  extensively  distributed.  This 
is  represented  by  the  Orthoceras  Steinhaueri  found  in  the 
Halifax  Coal  at  Holmfirth ;  and  remarkable  as  it  certainly 
is,  without  any  break  in  the  classification,  we  next  arrive 
at  the  order  which  immediately  succeeds  the  Cephalopoda, 
the  Trachelipodan  Molhisca,  which  are  represented  by  the 
Melania  Greenwood!,  from  the  roof  of  the  Dulesgate  Coal 
at  Todmorden.  Here,  then,  we  arrive  at  the  first  disruption 
in  our  classification,  as  I  have  no  knowledge  of  any  examples 
of  Gasteropodous  MoUusca  being  found  in  this  district  But 
very  singular  again,  the  next  shells  which  claim  our  notice  are 
of  marine  origin,  and  belong  to  the  Acephalous  MoUusca. 
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Tbe  first  gemis  of  the  BrachiopodouB  Coacfalfera  is  Lingular 
ifrhicb  is  represented  by  the  Lingnla  a^s,  from  the  roof 
of  the  Middleton  Goal ;  but  whether  it  extenda  to  any  other 
aeam  I  have  not  heard,  though,  from  its  marine  nature,  we 
might  expect  it  to  occur  in  the  Halifax  CoaL  The  laat 
marine  shell  I  have  to  enumerate  is  the  Pecten  Papyraceu8» 
which  I  need  scarcely  say  is  the  principal  diagnostic  fossil  of 
the  Halifax  Goal,  and  is  found  at  its  extreme  limit  in  Derby«- 
shire.  It  occurs  in  great  numbers,  compressed  into  thin 
layers,  which  rapidly  decompose,  from  the  quantity  of  iron 
pyrites  associated  with  them.* 

We  now  arrive  at  the  extensive  fresh-water  deposit  which 
passes  throughout  the  entire  Yorkshire  Goal  Field,  into 
Nottinghamshire  and  Derbyshire.  It  is  scarcely  necessary 
to  say  I  allude  to  the  seam  or  seams  of  iron-stone,  filled  with 
such  multitudes  of  fresh-^water  shells  of  the  family  Unionidas, 
known  as  the  mussel  band.  These  shells  were  long  supposed 
to  be  of  only  two  species,  the  Unio  subconstrictus  and 
acutus.  Gapt  Brown,  however,  who  has  been  investigating^ 
these  shells,  has  published  a  list  of  twelve  more  species  from 
the  neighbourhood,  under  the  genus  Pachyodon,  which  are 
as  follow :  —  Pachyodon  bipennis,  Dawsoni,  amygdala, 
exoletus,  antiquus,  and  pyramidatus,  from  Low  Moor; 
Pachyodon  nanus,  similis  Blaydsii,  transversus,  and 
levedensis,  from  Middleton;  and  Pachyodon  turgidus, 
from  Wakefield.  The  appearance  which  these  shells 
present  is  worthy  of  notice,  not  only  from  the  high  state 
of  preservation  in  which  they  occur,  (retaining  in  many 
cases  their  original  colour,)  but  from  the  circumstance  of 
their  accumulation  of  all  ages  and  sizes,  living  and  dead; 
some  having  been  evidently  dead  before  submersion,  from 
the  fact  of  the  valves  being  so  widely  extended,  which  is 

*  In  Lancashire,  the  Goniates  and  Pectens  do  not  characterize  a  single  bed, 
but  extend  over  Jive  distinct  beds. — Transactions  of  Ike  Manchester  Geological 
JSodsty,  p.  ba 
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oerer  the  ease  during  life^  and  could  not  have  arisen  from 
tlie  weight  of  the  superincumbent  deposit,  the  effect  of 
which  is  seen  on  numbers  of  specimens  ^^tirely  crushed 
in  every  position;  therefore  is  solely  owing  to  the  deoofii- 
position  of  the  muscular  attachments  and  ligaments.  I  am 
aware  that  various  (pinions  exist  as  to  the  fresh- water  origin 
of  the  mussel  band,  as  proyed  by  the  shells,  which  might 
possibly  have  been  marine.  That  they  are  not  marine  I 
eonceiYe  is  fully  proved  by  the  occurrence  in  the  same  band 
of  such  vast  multitudes,  almost  strata,  I  was  going  to  say, 
in  some  mstances  of  a  small  spedles  of  Entomostraca,  which 
is  the  only  example  of  the  class  Crustacea  in  our  Coal  Field, 
and  the  last  animal  to  which  I  shall  call  your  attention  on 
this  occasion.  The  creature  alluded  to  is  Cypris  arcuata. 
Now,  that  the  genus  Cypris  is  fluviatile  or  lacustrine  is 
universally  admitted ;  I  cannot  see,  therefore,  how  we  can 
account  for  the  myriads  of  these  animals  in  connexion  with 
the  Unionidffi,  unless  they  were  bolih  tenants  of  the  same 
fresh-water  lake.  The  habits  of  these  little  creatures  are 
well  known.  They  are  to  be  seen  in  numbers  in  stagnant 
waters,  marshy  pools,  ditches,  &e.,  moving  about  with  great 
rapidity.  The  Cypris  is  covered  with  an  oblong  sort  of 
shelly  of  two  valves,  somewhat  kidney'-shaped,  which  is  the 
only  durable  portion  of  its  body,  and  whidi,  like  many  other 
species  of  Crustaceans,  is  shed  annually,  and  will  then  fall 
to  the  bottom  of  the  water,  and  form  a  stratum  with  the 
Unios;  thus  showing  us  that  the  former  were  not  suddenly 
brought  to  tiie  spot,  but  inhabited  the  particular  locality  for 
a  long  period,  and  left  l^eir  annual  exuvis  to  attest  most 
clearly  the  tranquillity  of  the  waters  in  which  they  were 
passing  through  successive  generations.  Hence  our  analysis 
of  animal  remains  in  the  Yorkshire  Coal  Field  stands  thus- 
Fish,  17  species;  Cephalopods,  5;  MoUusca  and  Conchifera, 
17 ;  Crustacea,  1 ; — total  40. 


Digitized  by  VjOOQ IC 


SOS 

Here  I  am  compelled  to  close  my  list  for  want  of  other 
examples,  which  I  have  little  doubt  exist,  if  persons  could 
only  be  induced  to  preserve  every  specimen  they  meet 
with  m  the  Coal  formation.  This  can  only  be  done, 
however,  by  a  slight  remuneration  being  held  out  to  the 
colliers.  Dr.  Hibbert  proved  this  when  collecting  the 
Burdiehouse  fossils.  The  men,  one  and  all,  declared  that 
in  the  long  course  of  their  quarrying  operations  no  remains 
whatever,  save  those  of  plants,  had  ever  been  the  object  of 
their  visual  organs.  But  having  convinced  them  that  bones 
did  exist,  and  stimulated  them  by  the  promise  of  a  reward 
for  what  they  should  find,  the  Doctor  was  presented  with 
an  excellent  physiological  example  of  the  capability  which 
such  a  stimulus  had  of  increasing,  to  an  almost  miraculous 
degree,  the  vividness  of  optical  perceptions.  The  men^  to 
use  their  own  words,  now  ^^  saw  with  new  eyes  ;**  large  scales, 
large  bones,  along  with  the  remains  of  small  fishes,  became 
palpable,  and,  as  if  by  the  force  of  a  magician*s  spell,  were 
revealed  in  a  profusion  most  admirable  to  behold* 


The  Chairman  announced  that  the  next  meeting  would 
be  held  at  Doncaster,  and  proposed  a  vote  of  thanks  to  the 
Mayor  and  Corporation  of  Pontefract,  for  the  accommoda- 
tion they  had  afforded  the  Society. 

The  Mator  acknowledged  the  compliment,  and  proposed 
a  vote  of  thanks  to  the  Chairman,  for  his  kindness  in 
taking  the  chair,  and  for  honouring  them  with  his  presence. 

On  the  motion  of  R.  M.  Milnbs,  Esq.,  M.P.,  a  vote  of 
thanks  was  also  given  to  the  gentlemen  who  had  contributed 
papers  on  the  occasion. 
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PROCEEDINGS 

OV  THE 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 

AT   THB   THIRTIETH  qUABTE&LY  MEETING,   HELD  IN   THE 
MANSION   HOUSE,   DONCA8TEB,   ON  FRIDAY^ 

OCTOBER  24th,   1845. 


The  Right  Hon.  the  Earl  Fitzwilliam,  F.R.S.9  President, 
having  taken  the  Chair, 

A  paper  was  read,  of  which  the  following  is  a  summary : — 

ON   the   application    of    electricity   to  THE  ARTS.      BY 
MARTYN    J.    ROBERTS,    ESQ.,    F.R.S.E.,    F.R.6.8.,    ETC. 

He  commenced  by  first  showing  that  galvanism  is  but 
another  name  for  electricity  generated  by  chemical  action, 
in  distinction  from  electricity  generated  by  friction,  usually 
called  frictional  electricity.  He  then  demonstrated  by  ex- 
periment, that  two  metals  (one  more  easily  oxidated  than 
the  other),  if  plunged  into  dilute  acid,  decomposed  the 
water,  and  generated  a  current  of  electricity;  these  two 
metals  thus  in  action  formed  a  galvanic  pair,  and  if  the 
circuit  be  completed  either  by  a  wire  junction  of  the  metals 
or  other  conductor  of  electricity,  a  current  of  electricity 
circulates  through  the  conductor.  If  this  circuit  be  not 
homogenous,  the  points  of  contact  of  the  various  conductors 
are  called  poles ;  those  where  the  electricity  enters  is  called 
the  negative,  those  fronr  which  it  issues,  the  positive  pole.  Mr. 
Roberts  then  laid  down  the  axiom,  that  when  solutions  are 
decomposed  by  electricity,  that  oxygen  and  the  acids  go  to 
the  positive  pole,  while  hydrogen,  metals,  and  bases  of  salts, 
go  to  the  negative  pole :    this  axiom  he  stated  to  be  the 
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principle  on  which  many  of  the  practical  applications  of 
electricity  were  based.  He  then  explained  the  process  of 
assaying  copper  and  other  ores  by  electricity,  a  process  he 
himself  invented  some  years  ago,  and  which  is  now  in  very- 
general  nse,  and  is  so  sunple  that  the  most  unlearned  can 
avail  themselves  of  it  The  following  is  the  proeess: — 
Suppose  wQ  wish  to  assay  a  copper  ore,  dissolve  400  grains 
in  acid,  in  the  usual  manner,  dilute  with  water,  and  put  into 
a  glass  or  earthoi  jar ;  then  take  a  strip  of  copper  plate, 
about  one  inch  wide  and  two  inches  long,  baring  a  wire  six 
inches  long  soldered  to  it ;  procure  also  an  iron  plate  of  a 
similar  size,  having  a  wire  soldered  to  it ;  cover  the  iron 
plate  with  brown  paper,  and  weigh  the  copper  plate  with 
great  exactness ;  then  twist  the  wires  together,  and  plunge 
the  two  plates  into  the  dilute  solution  of  the  ore;  allow 
theon  to  remain  there  until  all  action  ceases;  tiien  free, 
the  cofq^er  plate  from  the  iron,  dry  it,  and  re-weigh  it,  and 
the  excess  over  the  former  weight  will  be  the  exact  amount 
of  copper  contained  in  the  400  grains  of  ore,,  because  the 
axiom  mentioned  has  come  into  play  i  the  solution  of  metal 
is  decomposed  by  the  electric  current  generated  by  the  two 
plates  or  gaLvanie  pair  ;  the  oxygen  and  acid  hove  gone  to 
the  iron  plate  (the  positive  pole),,  while  the  metal  copper 
has  gone  to.  tiie  copper  plate  (the  negative  pole),,  and  on 
this  plate  it  will  be  seen  in  a  bright  metallic  state* 

A  variation  of  this  process,,  but  based  on  the  same  lawj^ 
18  the  electrotype  and  electro-plating  process  ;^  the  obj|ect 
to  be  covered  forms  the  negative  pole  of  a  galvanic  battery 
or  pair ;  and  this  object  being  plunged  into  a  metallic  solu- 
tion^— copper,  silver,  or  gold, — ^is  in  a  short  time  covered 
by  the  metaL  The  whole  of  these  processes  were  shown  by 
Hr.  Roberts.  He  then  explained  the  princif^  of  preserving 
metals  by  electric  action;  for  example — Sir  EL  Davy's 
attempt  to  preserve  the  sheathing  of  ships.  He  next 
touched  upon  the  mechanical  preservation,   such  as  what 
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is  ealled  gadyanized  iron.  He  entered  fully  into  all  these 
subjectif,  but  our  space  will  not  allow  us  to  give  a  full 
detail  of  these  interesting  matters;  indeed,  it  is  not  so 
essential  we  should  do  so,  as^  Ire  beUeve,  Mr/  Roberts 
intends  publishil^  a  detailed  but  popular  explanation  of 
the  seyeral  applications'  of  ElectHcity  to  the  Arts.  He 
next  showed  the  action  of  aXk  electric  current  rannuig; 
paraHd  to  a  msgnetic  needle,  by  which  the  needle  tend» 
to  place  itself  at  right  angles  to  this  current ;  this  poiftion^ 
of  the  subject  was  illustrated  by  tamerous'  interesting 
experiments,  the  more  interesting  as  they  expluned  the 
pvinciple  of  Cdolie  and  Wheatstbne's^  Electric  Teleg^aph^ 
lihe  action  of  which  Mr.  R.  afterwards  describedw  He 
then  explained  the  eleetric  dock,  the=  femiation  ci  mag^a 
ef  soft  aroo  by  electricity,  motion  of  xna^nery  by  electricity^ 
all  Sloslrated  by  many  conclteiTe  experimetits. 

At  the  conclusion  of  Mr.  Roberts's  paper,  the  Noble 
Chairman  called  upon  I^rofessor  Phillips  to  give  his  paper, 
of  which  the  following  is  an  abstract : — 

oiisBRvlTiolfs  ON  TfUi^  phocbss  of  pbtufaction.     bt 

JOHN   PHILLIPS,   BSQ.^    FrR.S.,   FX]fr*S.,   BTC. 

The  obseryolaNins  which  he  shoidd  haye  the  honour  to 
address  to  the  meeting  related  to  a  class  of  phenomena 
aiBoogst  the  most  frequent  in  Geology, — amongst  the  most 
interesting  in  that  important  science,  and  upon  which  a. 
great  yariety  of  important  fiicts  were  collected*  He  had 
to  speak  to  them  on  the  stAjedt  of  the  petrifaction  of 
fossil  and  -organic  remains.  He  belieyed  thdt  ther^  was 
no  person  who  had  inquired  into  the  science  of  Geology 
bui  woidd  be  ready  to  acknowledge  that  one  re^^on 
for  the  slowness  with  which  Geological  truth  made  way^ 
n^as  the  iidierent  difficulty  connected  With  its  explanation. 
Things  clear  as  the  Mght,  when  they  saw  them  in  nature, 
were  often  rendered  extremely  difficult  when  they  came  to 
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be  explained  in  a  lecture.  And  this  was  not  from  any 
fault  of  the  teacher ;  but  from  the  manner  in  which  he  must 
pursue  it,  it  is  impossible  to  giye  correct  general  terms 
applicable  to  the  knowledge  of  the  subject  Words  which 
were  generally  well  understood  were  used  in  a  technical 
sense  by  geologists;  and  among  these  he  would  instance 
that  even  the  word  "rock,"  the  meaning  of  which  every 
one  was  familiar  with,  was  by  geologists  used  in  a  tech- 
nical sense. 

Having  thus  premised  the  observations  he  had  to  make. 
Professor  Phillips  went  on  to  observe,  that  plants  and 
animals  were  imbedded  in  the  earth,  and  underwent  in 
the  course  of  ages  a  variety  of  changes,  either  mechanical 
or  chemical.  All  analogous  strata  were  of  equal  antiquity ; 
and  some  recent  formations  contained  transformations  as  per- 
fect as  those  which  were  formed  from  the  ancient  deposits. 
He  was  prepared  to  believe  that  all  classes  of  coal  were 
derived  from  plants;  and  he  would  call  the  attention  of 
the  meeting  to  some  facts  in  proof  of  his  assertion  on  that 
subject.  One  of  these.  That  he  had  cut  and  polished  a 
great  number  of  pieces  of  jet,  which  he  had  found  on  the 
Yorkshire  coast;  and  he  had  found  in  all  of  them  the 
texture  of  the  wood  as  clear  and  as  distinct  as  if  it 
had  been  cut  fresh  from  the  tree.  In  addition  to  this, 
he  alluded  to  some  illustrations  of  the  subject  which 
had  come  under  his  observation,  in  respect  of  a  cutting 
which  had  been  recently  made  by  the  Aire  and  Calder 
Company,  in  the  neighbourhood  of  Ferrybridge,  where 
they  had  discovered  what  was,  in  fact,  a  subterranean 
forest.  The  soil  was  alluvial,  and  in  one  part  of  the 
cutting  it  went  over  this  subterranean  forest,  which  was 
composed  of  hazel  bushes,  contaming  fine  clusters  of  nuts, 
which  were  imbedded  at  a  depth  of  about  fourteen  feet. 
Some  of  the  wood  was  unchanged,  but  in  sond  instances 
both  the  wood  and  nuts  were  changed.      There  was  no 
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instance  in  the  whole  collection  where  the  bark  of  the 
wood  was  converted  to  stone;  but  the  internal  part  was 
found  to  be  in  that  state.  On  examining  these  nuts, 
he  found  that  the  external  shells  were  entirely  un* 
altered,  but  the  kernels  of  the  nuts  were  converted 
into  stone;  and  the  brown  membrane  over  the  kernel 
was  unaltered,  as  well  as  the  shelL  This  certainly 
appeared  very  remarkable;  but  it  was  evidence  to  show 
that  a  certain  law  obtained  in  regard  to  these  changes. 
He  had  a  portion  of  the  fossil  wood  so  converted  into 
stone  now  in  the  microscope,  and  it  presented  as  beautiful 
and  as  perfect  a  specimen  of  hazel  wood  as  could  be  seen. 
With  respect  to  the  nuts,  he  believed  that  the  change  was 
owing  to  their  having  been  permeated  by  water  that  had 
passed  over  a  bed  of  limestone. 

Coral  and  calcareous  shells  had,  in  some  instances,  been 
dissolved  by  a  solution  passing  through  the  rock  containing 
theuL  These  left  a  cavity,  which,  being  filled  up  by  another 
solution  subsequently  passed  through,  took  the  shape  of  the 
original  shell,  the  substance  being  entirely  changed.  It  was 
well  known  that  a  portion  of  the  pillars  of  the  bridge  of 
Trajan,  crossing  the  Danube,  had  become  converted  into 
flint  by  means  of  chemical  action. 

The  Professor  next  proceeded  to  describe  an  ancient  boat 
and  some  other  matters  which  had  been  found  imbedded  in 
the  banks  of  the  Calder,  near  Stanley  Ferry ;  and  also  the 
lower  jaw  of  a  Red  Deer,  found  a  few  years  ago  imbedded 
in  Hatfield  Chace,  and  sent  to  the  Museum  at  York.  The 
jaw,  bones,  and  teeth  were  altogether  quite  flexible.  They 
had  lost  the  whole  of  their  hardening  earth,  and  retained  the 
gelatine ;  which  gelatine  had  become  tanned  by  the  peat,  and 
thus  the  whole  were  actually  converted  into  leather.  In 
proof  of  this  most  remarkable  phenomenon,  the  Professor 
held  up  to  view  the  jaw  in  question,  which  was  as  pliant  and 
flexible  as  a  piece  of  prepared  leather. 
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At  the  conclusion  of  tjiis  wery  able  paper^  Profeaeor  PhilUp« 
informed  tlie  meeting  that  tke  specimen  of  petrified  haze)  was  in 
the  microscope  on  the  table,  for  the  inspection  of  the  e^mpmyr 

Mr.  E.  Charlbsworth,  F«Cx.S*>  Curator  of  the  York- 
shire Philosophical  Society,  was  next  introduced  to  the 
n^eeting  by  the  Ngble  Chairman,  and  proceeded  to  give 
his  paper,  of  which,  like  the  preceding  one^  we  caqnot  give 
more  than  a  short  abstract,  ip  consequence  of  the  author 
being  unable  to  supply,  in  time,  the  number  of  diagrams 
required  for  its  illustration. 

ON   SOME    FACTS  CONNECTED  WITH  THE   6ILICIFICATION   OF 
ORGANIC   BODIES.      BT  MB*  Et  CHABLB8W0RTH,  F.a.S. 

He  eommenced  by  expressing  his  assurance  that,  until  a 
few  days  ago,  he  had  not  been  aware  that  he  should  h^ 
expected  to  take  a  part  in  to-day's  proceedings.  Howerer, 
he  came  forward  in  obedience  to  the  call  that  had  been  made 
upon  him,  and  would  present  a  few  remarks  which  he  hoped 
would  be  such  as  would  give  satisfaction. 

His  object  was  not  to  treat  of  the  general  question  of 
petriikction,  but  of  petrifaction  under  certain  restricted 
circumstances.  Silicification  was  neither  more  nor  less  than 
petrifaction  with  silex,  a  mineral  which  was  to.  be  found 
in  a  great  variety  of  forms,  but  generally  in  the  shape 
of  common  flint.  The  author  here  directed  the  attention 
of  the  company  to  a  great  number  of  diagrams  which  were 
suspended  from  the  walls  of  the  room,  and  desoribiug  there- 
upon flint  in  its  natural  state ;  besides  various  specimens  of 
chalk  and  other  substances  in  which  it  was  found  imbedded. 
He  also  pointed  out  some  specimens  of  the  silicification  o.  a 
dass  of  organic  remains  which  are  popularly  known  by  the 
name  of  fairy  loaves  or  sea  urchins  (Echinus.)  Another 
diagram  represented  a  specimen  of  belemnite  in  the  same  state. 

After  referring  to,  and  explaining,  the  different  diagrams, 
he  stated  that  the  silicification  of  organic  bodies  was  not  at 
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all  connected  with  the  amount  of  «ilei,  but  depended  upon 
fiome  other  laws  into  which  they  had  at  present  no  intighu 
He  described  a  portion  of  a  Jaw  of  a  fossil  reptile,  (the 
Moioionnts  SteMdan^J  which  had  been  found  in  a  chalk 
jnt  on  tihe  banks  of  the  Thames^  in  1836,  and  which  had 
been  fomid  to  contain  something  which  greatly  surprised 
hinu  He  had  the  specimen  placed  in  the  hands  of  a 
lapidary,  with  instructions  that  he  should  saw  him  one  of 
the  teethk  When  the  instrument  came  to  the  middle  of 
the  tooth,  something  very  hard  arrested  its  forther  pro*- 
gress.  The  tooth  was  accordingly  broken;  and,  on  its 
falling  in  pieces,  there  was  eithibited  this  remarkable 
feature,  that  in  the  very  centre  of  the  tooth  was  a  piece 
of  solid  black  flint,  filling  that  portion  of  the  pulp-cavity 
bounded  by  the  expanded  base  of  the  tooth,  as  well  as 
the  extension  of  this  cavity  into  the  jaw;  but  there  was 
no  silicification  of  the  investing  bone,  and  no  ostensible 
means  of  explaining  the  presence  of  the  flint  within  the 
toothy  but  on  the  hypothesis  of  its  precipitation  from  a 
tttid,  or  of  its  havings  in  a  viscid  state^  traversed  the 
passage  connecting  the  pulp-cavity  with  the  great  medul- 
lary canal  of  the  jaw.* 

The  Rev,  Dr«  Scorbsbt  made  a  few  observations  on 
the  excellence  of  the  papers  which  had  been  read^  and  the 
importance  of  such  meetings  as  the  present 

The  Noble  Chairman  addressed  the  meeting  as  follows : 
Ladies  and  Gentlemen, — We  have  listened  to  some  Observa- 
tions respecting  some  remarkable  phenomena ;  but,  although 
we  may  indulge  in  high  aspirations  upon  the  subjects  which 
have  been  brought  before  us,  and  in  the  hope  of  further 
discoveries  following  upon  the  patient  investigation  of  facts^ 

*  BCr.  Cbaileiworth  has  given  a  ftill  account  of  this  specimen  and  Uie  above 
interesting  discovery,  with  figures,  in  the  London  Geological  Journal^  No.  I.,  pp. 
23—32,  which  lessens  the  regret  we  should  oUierwise  feel  in  not  being  able  to 
give  this  communjeation  entire. 
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yet  I  think  there  is  enough  in  the  pursuit  of  science  which 
is  well  calculated  to  humiliate  on  the  one  hand,  whilst  it 
tends  to  elevate  on  the  other.  When  we  reflect  on  the 
discoveries  of  times  past,  and  when  we  reflect  upon  what 
is  now  going  on,  and  what  we  see  around  us,  I  believe  the 
safest  conclusion  to  be  this — that  there  must  have  been  in 
bygone  times,  that  there  is  now  in  existence,  and  that  there 
will  be  to  the  end  of  time,  an  existing  power  which  it  is 
beyond  the  reach  of  human  capacity  to  discover.  I  hope 
you  will  excuse  me  for  making  these  few  observations  on 
this  very  interesting  occasion ;  but  I  must  aay,  that  I  do 
not  remember  a  meeting  at  which  I  have  been  more  gratified 
by  the  facts  and  the  observations  which  have  been  brought 
forward. 

E.  6.  Dbnison,  Esq.,  M.P.,  said — Ladies  and  Gentle- 
men,— I  am  sure  you  will  all  agree  with  me,  th^t  the  least 
compliment  that  we  can  pay  to  the  Noble  Lord  who  has 
so  ably  and  so  kindly  filled  the  chair  this*  day,  is  to  thank 
him  for  having  presided  over  us.  At  the  same  time  I 
must  take  leave  to  say,  that  when  noblemen  of  his  rank 
and  station  leave  their  homes  and  pursuits  to  attend  meet- 
ings of  this  description,  they  bestow  an  inestimable  value 
upon  all  who  live  around  them. 

A  vote  of  thanks  having  been  given  to  the  Chsurman, 
The   Earl   Fitzwilliam   acknowledged   the  compliment 
which  they  had  paid  him,  and  the  meeting  separated. 


In  the  Evening,  a  Soiree  of  the  Mechanics'  Institution 
was  held,  to  which  the  Members  of  the  Geological  and 
Polytechnic  Society  were  invited.  The  meeting  was  ad- 
dressed by  Professor  Phillips,  and  W.  H.  Leatham,  Esq., 
John  Parker,  Esq.,  M.P.,  M.  J.  Roberts,  Esq.,  C.  Baker, 
Esq.,  Edward  Charlesworth,  Esq.,  and  the  Rev.  W.  Aspinall. 
The  Chair  was  taken  by  E.  B.  Denison,  Esq.,  M.P. 


Digitized  by  VjOOQ IC 


PROCEEDINGS 
GEOLOGICAL  &  POLYTECHNIC  SOCIETY 

AT    THE     THIBTT*FIR8T     QUABTSBLY    MKZTWGy    HELD    IN    THE 
EXCHANGE    BUII1DINO89   BBADFOBD,    ON   WEDNESDAY^ 

MABCH  26th,  1846. 


On  the  motion  of  Joseph  Travis  Clay,  Esq.,  seconded 
by  W.  S.  Ward,  Esq., 

The  Eev.  Dr.  Scoresby,  F.R.S.,  Vice-President,  was 
called  to  the  Chair,  who  commenced  the  proceedings  by 
observing,  that  after  the  existence  of  the  Geological  and 
Polytechnic  Society  for  so  many  years,  it  was  now  hardly 
necessary  to  explain  very  particularly  its  objects,  though  it 
might  be  useful,  perhaps,  to  remind  their  friends  that  the 
objects  of  this  association  were,  in  a  humble  respect,  analo- 
gous to  the  greater  institution,  the  British  Association,  in 
many  points  of  its  character.  The  Society  travelled  abroad 
from  town  to  town  in  the  West  Riding.  Its  leading  objects, 
too,  were  similar ;  for  one  was  the  investigation  of  Geological 
subjects  connected  with  the  practical  working  of  our  mining 
system  in  the  West  Riding — a  subject,  of  course,  of  great 
and  important  interest,  and  likewise  bearing  upon  the  economy 
and  profitable  enterprise  of  our  mining  operations ;  inasmuch 
as  they  all  knew  that  it  was  requisite  to  bring  a  scientific 
knowledge  of  Geology  to  bear  in  this  matter,  with  a  view 
successfully  to  carry  forward  this  enterprise.  The  leading 
object  of  this  Society,  then,  was  to  arrive  at  information  on 
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this  subject,  with  a  view  to  the  benefit  of  the  community ; 
and  therefore  they  endeayoured  to  get  at  a  correct  knowledge 
of  things  beneath  the  surface  of  the  earth.  There  was  ano- 
ther department  of  this  Society  which  gave  them  an  oppor- 
tunity to  consider  other  subjects,  in  their  place  equally  aa 
important  to  society ;  he  referred  to  the  Polytechnic  character 
of  the  institution,  which  enabled  him  to  come  ihat  day  to 
give  them  a  few  experiments  on  another  important  branch  of 
science.  They  were  anxious  to  cultivate  these  two  leading 
and  important  branches :  so  that  while  they  were  inquiring 
on  matters  of  Geolo^cal  science,  they  might  receive  informa- 
tion from  other  gentlemen  on  subjects  equally  as  important 
and  interesting,  but  coming  more  particularly  within  the 
sphere  of  their  various  pursuits. 


The  Rev.  Doctor  then  proceeded  to  deliver  extemporar 
neously  a  communication 

ON   NEW   AND    EFFICIBNT    PROCBSSBS    OF    MAONBTIC   MANI- 
PULATION. 

The  subject  of  Magnetism,  he  said,  had  of  late  years 
become  one  of  great  importance.  A  very  few  years  ago. 
Magnetism  was  thought  little  of,  except  for  matters  of  ex- 
periment, or  as  processes  needed  for  directing  the  navigator, 
the  surveyor,  or  the  miner.  Now,  however,  it  assumed  a 
degree  of  importance  that  placed  it  among  the  most  mighty 
agencies  by  which  the  Great  Creator  displays  His  eternal 
power  and  Godhead — agencies  by  which  He  controls  the 
elements,  and  directs  and  binds  them  to  His  wilL 

Dr.  Scoresby  illustrated  his  novel  method  of  charging 
magnets  and  steel  bars  with  greatly  increased  power  by  two 
series  of  experiments.  In  the  first,  Mitchell's  ordinary  process 
of  magnetizing  a  number  of  bars  placed  in  opposition  at  their 
extremities  was  shown,  in  which  the  power  conferred  was 
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iomSaad  when  raifed  to  the  yertaeal  pootion  to  inauitain 
their  own  weight ;  vherees,  on  the  experiment  being  repeated, 
hfit  bj  iaterpasitim  of  a  ikm  plaie  of  soft  iron  between  the 
magnet  end  the  hosts  operated  upon,  and  sliding  the  North 
Pole  in  adrance  orer  them  as  before,  ihey  were  enaUed  to 
do  so.  These  processes  were,  secondly,  fiurther  displayed  in 
the  tracttye  power  of  supporting  weights,  the  results  of  which 
were,  that  by  the  Doctor's  method  a  horse-^hoe  piece  of  iron 
was  enabled  to  sustain,  when  magnetized,  nearly  double  the 
weight  of  that  produced  by  any  previously  known  process. 
A  very  powerful  small  magnet  was  exhibited,  capable  of 
canying  tm  times  its  own  weighty  and  very  effeeti?e  methods 
were  pointed  out  of  d&4nagnetizing  bars,  which  were  very 
ingenions.  

At  the  conclusion  of  this  communication,  the  following 
paper  was  read: — 

OK  THB  COMPABATIVB  BCONOMT  OF  VARIOUS  METHODS  OF 
APPLYING  POWBB  FOR  LOCOMOTION  ON  RAILWAYS, 
AND  PARTICULARLY  ON  THB  ATM08PHBRIC  SYSTEM. 
BY   WILLIAM   SYKBS  WARD,   BfifQ*,   LBBDS. 

In  bringing  to  your  notice  the  subject  of  Atmospheric 
Railways,  I  hope  it  may  not  be  thought  that  I  endeavour  to 
introduce  to  yon  a  chimerical  speculation ;  for  whatever  may 
be  the  ultimate  success  of  the  promoters  of  the  Atmospheric 
System,  there  is  now  little  doubt  that  it  is  to  a  great  extent 
practicable ;  and  that  if,  in  tbe  infancy  of  railways,  before  the 
locomotive  engine  had  been  perfected  as  it  is  at  present,  the 
introduction  of  Atmospheric  Railways  would  have  been  con- 
sidered a  great  benefit  to  the  community, — even  at  present 
we  have  the  unequivocal  evidence  of  the  most  eminent  railway 
engineers,  that  the  Atmospheric  Railway  is  a  great  trium}^ 
to  mechanism,  the  only  doubt  being  whether  it  can  be  worked 
with  practical  advantage  in  a  commercial  point  of  view. 
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We  haye  also  admissions  by  many  engineers  who  are  most 
strenuously  opposed  to  the  general  introduction  of  the  Atmo- 
spheric System,  that  there  may  be  peculiar  circumstances 
under  which  such  system  may  be  advantageously  applied. 

I  will  endeayour  to  state  the  subject  on  the  broad  principle 
that  all  human  means  of  applying  mechanical  power  are  im- 
perfect; that  power  cannot  be  transmitted  without  loss ;  and 
that  with  regard  to  locomotion  on  railways,  the  best  method 
of  inyestigation  is  to  consider  the  various  proposed  systems 
seriatim^  and  to  endeavour  to  investigate  the  loss  of  power  to 
which  each  is  subject. 

I  cannot,  however,  presume  to  bring  any  investigations 
before  you  in  any  other  than  a  very  imperfect  state,  nor  have 
I  had  the  opportunity  of  making  more  than  the  most  trifling 
researches  on  the  subject ;  but  I  hope  to  bring  the  researches 
of  others  to  bear  upon  it,  and  to  apply  results  which  I  have 
collected  from  very  varied  sources.  In  particular,  I  will  men- 
tion the  evidence  taken  and  published  by  the  Parliamentary 
Select  Committee  on  Atmospheric  Railways. 

The  application  of  ropes,  as  a  means  of  communicating 
stationary  power  to  railway  trains,  is  perhaps  the  most 
economical  method  when  the  rope  is  not  required  to  exceed 
a  short  length ;  but  much  power  is  lost  when  a  great  length 
of  rope  is  used.  The  advantages  of  using  ropes  are,  that 
the  stationary  power  is  most  economically  produced. 

The  losses  attendant  upon  the  use  of  ropes  are,  first,  that 
power  is  lost  in  putting  the  rope  into  motion,  or  overcoming 
its  vis  inerticB  ;  secondly,  that  the  rope  must  be  supported  on 
pulleys  or  rollers,  the  friction  and  vis  inertuB  of  which  cause 
much  loss ;  thirdly,  that  the  trdn  must  be  stopped  every  time 
it  has  to  be  attached  to  another  length  of  rope,  and  therefore 
the  momentum  acquired  by  the  train  is  lost 

These  causes  of  loss  of  power  are  not  practically  great 
when  high  velocities  are  not  required,  but  become  so  con- 
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siderable  as  to  preclude  the  application  of  tractive  power  by 
ropes,  at  velocities  exceeding  twenty  miles  per  hour. 

I  have  not  attempted  to  estimate  numerically  each  of  such 
losses,  but  will  refer  to  an  example. 

When  the  rope  was  employed  between  the  Euston-square 
and  the  Camden-town  stations  of  the  London  and  Birming- 
ham Railway,  it  was  estimated  by  Mr.  R.  Stephenson,  that 
only  one-half  of  the  power  of  the  engine  was  usefully  applied 
to  the  train. 

All  the  methods  of  using  ropes  appear  inevitably  liable  to 
considerable  loss  by  the  inaction  of  the  stationary  engines 
between  the  running  of  trains. 

The  various  causes  of  loss  of  power  in  working  locomotive, 
compared  with  stationary,  steam  engines,  are — 

That  the  greatest  possible  quantity  of  steam  must  be 
generated  in  the  least  possible  space  or  dimensions  of  boiler, 
so  that  the  heat  produced  from  the  fuel  is  not  applied  in  so 
economical  a  manner  as  when  large  boilers  are  used. 

That  the  whole  power  of  the  steam  cannot  be  made  avail- 
able, as  condensation  is  impracticable. 

That  the  engine  is  confined  in  all  its  parts ;  the  stroke  of 
the  cylinders  and  the  connecting  rods  being  too  short,  so  that 
the  friction  is  much  more  considerable  than  in  a  stationary 
engine. 

That  the  steam  cannot  be  made  to  do  its  full  duty  by 
being  worked  expansively,  as  in  a  stationary  engine. 

That  as  the  valve  openings  must  be  wide,  much  steam  is 
lost  at  each  stroke,  and  rushes  into  the  atmosphere  without 
doing  any  duty. 

That  the  pistons  of  the  engine  must  work  at  a  much 
greater  speed  than  has  been  found  advisable  in  the  con- 
struction of  stationary  engines. 

That  the  draft  of  the  furnace  must  be  produced  at  the 
expense  of  the  power  of  the  engine  by  contracting  the  blast 
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pif  e^  tlHte  pre?entiiig  the  tree  egress  of  the  escape  steam, 
and  diminkbmg  the  effective  pressure  upon  the  piston* 

That  the  boiler  being  mueh  expoeed,  and  passing  through 
the  air  with  great  velocity^  is  subjeeted  to  considerable  Iosa( 
of  heat* 

That  the  engine,  boiler,  tender,  stock  of  fuel  and  water,, 
have  to  be  transported  at  a  high  yidociijr,  in  addition  to  the 
aseful  weight  of  the  train. 

It  is  perhaps  impossible  accurately  to  calculate  numerically 
the  separate  amount  of  each  of  the  foregoing  deductions  fh>m 
the  power  of  the  engine,  but  it  has-  been  prac^tically  ascer* 
tuned,  that  in  the  aggregate  they  amount^,  in  the  caee  of 
averse  trains,  to  more  than  the  aflHount  of  useful  effect  or 
duty  obtained  frona^  the  engine. 

But  when  the  trains  are  small  in  proportion  to  the  ^aigitie, 
the  loss  becoibes  much  more  than  50  per  cent* 

The  cost  of  the  coke  consumed  by  the  locomotive  ia^  on 
the  average^  at  least  twice  that  of  the  coal  required  for  pro* 
ducing  an  equal  amount  of  powef  with  a  stationary  engine ; 
so  that  the  loss  of  power  of  the  looomotive,  as*  regards  ii» 
cost  of  foel,  must  be  multiplied  by  two;  99  Aat  out  of  an 
amount  of  powei!  es&nated  in  money,  only  25  pe#  cent  is 
ose&Uy  applied  in  workbg  locomotive  enginesv 

But  the  loss  of  power  is  by  no  means  the  greatest  disad- 
vantage attendeant  on  the  use  of  the  locomotive  eng^e. 

The  great  weight  of  the  engine,  and-  the  avoiding  much 
play  of  the  crank  axle,  by  which  it  might  in  some  measure 
escape  from  die  hnpidseof  the  piston  rods,  renders  it  ne- 
cessary that  the  bearing  springs  be  very  rigid ;  do  that  th^ 
machinery  is  liable  to  constant  deraSigement  from  coik^to- 
sioB.* 

Many  parts  of  the  engine  are  subject  td  much  frictiooy 
under  heavy  weights  and  at  higit  velocities;  so- that  the  wear 
and  tear  by  friction  is  very  considerable. 
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The  fuel  is  necessarily  consumed  under  great  draught,  so 
that  a  very  high  temperature  is  produced,  whid[i  rapidly 
destroys  the  copper  fire  boxes  and  brass  tubes  of  the 
boiler. 

The  driving  wheels  of  the  locomotire  engine  are  subject 
to  great  pressure,  as  well  by  the  weight  of  the  engine  as  by 
the  tractive  power  exerted  through  them,  and  at  times  to 
considerable  attrition  on  the  raiL 

All  these  parts  of  the  engine  are  very  expensive,  and 
require  frequent  renewal  I  believe  the  following  axe  about 
the  times  of  the  average  duration  of  the  various  parts  of  an 
engine  doing  average  duty,  but  I  hope  to  be  corrected  on  the 
point.  The  fire  box  lasts  from  3  to  4  years,  a  set  of  tubes 
from  9  to  12  months,  the  tire  driving  o£  the  wheels  about  6 
months;  the  brasses  require  frequent  renewal,  and  the  fire 
bars  are  sometimes  destrc^ed  in  one  trip. 

The  weight  of  the  engine  and  the  r^dity  of  its  springs  not 
only  injures  the  engine  itself^  but  more  than  anj  other  cause 
tends  to  displace  and  injure  the  rails;  in  fact,  m  nsurrowly 
watching  a  heavy  locomotive  passing  at  a  high  velocity, 
the  wheels  may  frequently  be  obs^ ved  to  jump  upon  the 
rails. 

The  locomotive  ia  subject  to  the  foregoing  losses  and 
defects  when  travelling  on  railways  of  the  best  construction, 
and  on  a  level,  or  more  favourable  gradients;  but  when  a 
severe  gradient  occurs,  the  wear  and  tear  of  the  engine  is 
much  increased,  the  weight  of  the  engine  itself  absorbs  the 
more  tractive  power  when  such  power  is  the  most  wanted,, 
and  after  a  certain  point  of  inclination,,  an  ordinary  loco- 
motive is  scarcely  able  to  move  itself. 

Such  liability  to  slip  depends  much  on.  the  state  of  the  rail^. 
which  is  most  affected  by  a  slight  dew  not  amountiBg  to  rain^. 
or  by  a  frost  such  as  frequently  occurs  in.  the  morning  during 
the  spring  and  autumn. 
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In  such  states  of  the  rails  a  gradient  as  slight  as  I  in 
160  or  150  will  sometimes  reduce  the  speed  of  an  ordinary 
passenger  train  as  low  as  10  miles  per  hour. 

In  estimating  the  various  sources  of  loss  of  power  on  the 
Atmospheric  system,  it  is  ascertained  hoth  hy  calculation  and 
experiment,  that  there  is  practically  no  material  loss  in  the 
production  of  the  prior  exhaustion ;  that  the  loss  of  power 
by  friction  of  the  stationary  engine  itself  will  amount  to  about 
six  per  cent.,  as  ascertained  with  respect  to  large  stationary 
engines  of  the  nearest  similar  construction. 

The  loss  of  power  by  friction  of  the  air  pump  I  hare  not 
precise  means  of  ascertaining ;  it  may  amount  to  about  four 
per  cent.,  but  most  probably  less,  certainly  not  more.  The 
friction  of  the  engine  and  air  pump  at  Dalkey  appear,  as 
taken  by  the  indicator,  to  be  about  ten  per  cent 

There  is,  as  shown  by  the  experiments  at  Dalkey,  con- 
siderable loss  in  opening  the  air  pump  valves,  which,  being 
large,  shut  with  great  violence,  and  are  consequently  fixed  on 
the  valve  seats  so  as  to  require  considerable  power  to  open 
them,  amounting  almost  to  ten  per  cent;  but  this  amount 
does  not  arise  from  the  absolute  power  required  to  open  the 
valves,  but  because  the  valves  being  opened  by  the  pressure 
of  the  air  entering  into  or  expelled  from  the  pump,  according 
to  a  well  known  hydrostatic  law,  require  as  much  more  force 
to  open  them  by  the  pressure  from  the  piston  than  by  direct 
action  as  the  area  of  the  pump  piston  is  larger  than  the  area 
of  the  valves.  At  Croydon,  for  the  sake  of  avoiding  the 
concussion  of  the  outlet  valves,  small  valves  are  used  of 
about  three  inches  in  diameter,  and  thirty  in  number  at  each 
end  of  the  pump.  I  do  not  know  how  far  this  arrangement 
is  preferable  to  that  at  Dalkey,  but  it  appears  to  me  that  the 
valves  at  Croydon  require  very  considerable  power  to  open 
them,  and  that  the  air  is  much  condensed  before  it  makes  its 
escape  from  the  pump. 


Digitized  by  VjOOQ IC 


319 

I,  however,  hope  I  have  effected  some  considerable  im- 
provement in  this  respect,  by  a  method  of  working  the  valves 
of  air  pumps,  by  gearing  (which  I  will  afterwards  explain) 
so  as  to  avoid  concussion,  to  give  large  air  ways  to  both  inlet 
and  outlet  valves,  and  work  the  valves  by  the  direct  power  of 
the  engine.  I  anticipate  that  this  will  save  at  least  half  the 
power  otherwise  lost  in  opening  the  valves,  or  about  five  per 
cent  of  tjie  power  of  the  engine. 

Another  and  somewhat  unexpected  source  of  loss  is  that 
the  air,  which  by  its  expansion  under  exhaustion  becomes 
cooler,  rapidly  takes  up  heat  from  the  traction  tube,  and 
when  again  condensed  in  the  air  pump  previously  to  being 
expelled  into  the  atmosphere,  gives  out  its  heat  so  as  to 
become  very  warm,  and  therefore  requires  much  more  power 
to  expel  it  into  the  atmosphere.  The  heat  of  the  air  thus 
expelled  sometimes  exceeds  that  of  boiling  water. 

Mr.  Robert  Stephenson  appears  to  have  investigated  the 
loss  by  the  opening  of  the  pump  valves,  and  of  the  heating 
of  the  air  together,  by  means  of  the  indicator ;  such  results 
vary  considerably  at  the  different  degrees  of  exhaustion. 
The  maximum  appears  to  be  about  17  per  cent.,  but  I  con- 
ceive a  mean  of  15  per  cent,  to  be  rather  too  high.  The 
most  important  loss,  however,  arises  from  the  leakage  of  air 
into  the  tube;  but  this  appears,  after  the  most  careful  experi- 
ments, and  on  a  fair  mean  of  workings  at  Dalkey,  to  be  very 
much  less  than  could  be  anticipated,  being  at  the  rate  of 
about  four  cubic  feet  of  air  at  the  pressure  of  the  atmosphere 
per  second,  including  leakage  of  air  pump,  valves,  close  con- 
necting main,  and  traction  tube — ^the  leakage  of  the  pump 
valves  and  of  the  connecting  main  being  greater  than  that  of 
the  traction  tube.  The  greatest  amount  of  leakage  observed 
at  Dalkey,  when  the  apparatus  was  out  of  order,  was  only 
seven  cubic  feet  per  second.  But  I  am  informed  that  at 
Croydon  the  leakage  is  now  extremely  small,  not  proportion- 
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ately  half  as  much  as  at  Dalkey.  This  is  corroborated  by  the 
fact,  that  at  Dalkey  a  higher  vacuum  than  25  J  could  seldom 
be  obtained,  whilst  at  Croydon  I  have  seen  27^  inches  easily 
obtained. 

It  is  also  remarkable  that  the  absolute  quantity  of  air 
which  enters  the  tube  is  nearly  constant  at  all  pressures 
above  six  inches  of  the  gauge,  evidently  resulting  from  the 
fact,  that  the  higher  pressures  close  the  valve  more  perfectly 
than  the  lower  ones;  but  the  higher  the  gauges  the  more 
important  the  loss  by  leakage  becomes;  thus  at  15  inches  of 
the  gauge  or  half  vacuum,  the  four  cubic  feet  would  expand 
to  eight,  and  require  the  action  of  eight  feet  of  pump  space 
to  remove  or  overcome  such  leakage ;  at  twenty  inches,  or 
2- 3rd  vacuum,  the  four  become  twelve  feet,  and  require 
twelve  feet  of  pump  space;  and  at  twenty-five  or  5-6th8 
vacuum,  become  twenty  feet  of  rarefied  air,  and  require  the 
exertion  of  twenty  cubic  feet  of  pump  space. 

Therefore,  if  the  leakage  of  three  miles  of  pipe  be  six 
cubic  feet  per  second,  the  pumps  capable  of  removing  120 
cubic  feet  per  second,  at  a  vacuum  of  twenty  inches,  the  six 
feet  become  eighteen ;  the  loss  is,  therefore,  fifteen  per  cent, 
of  the  action  of  the  pumps.  But  the  loss  by  leakage  is  very 
small  during  part  of  the  prior  exhaustion,  and  is  proportion- 
ally diminished  as  the  train  proceeds  and  shortens  the  length 
exposed  to  leakage. 

The  friction  of  the  travelling  piston  amounts  to  about  35 
lbs.  out  of  1,760  lbs.  pressure,  or  about  two  per  cent,  of  the 
power,  as  carefully  ascertained  by  the  experiments  of  M. 
Mallet. 

There  is  another  source  of  loss  of  power  which  has  been 
the  subject  of  much  and  very  ingenious  calculation  and  dis- 
cussion ;  I  allude  to  the  friction  of  the  air  in  the  pipe.  From 
the  data  given  by  the  transmission  of  gas  and  of  water  through 
tubes,  it  was  found  that  the  friction  increased  according  to 


Digitized 


by  Google 


321 

the  square  of  the  length,  and  it  was  predicted  that  in  em- 
ploying a  traction  tube  three  miles  long,  a  velocity  of  twelve 
miles  per  hour  could  not  be  attained  at  three  miles  from  the 
air  pump,  on  account  of  the  resistance  of  the  friction  of  the 
air  in  the  pipe :  but  the  parties  who  made  such  calculations 
appear  to  have  overlooked  the  fact,  that  as  air  in  tube  be- 
comes more  rare,  the  resistance  is  diminished,  probably  in 
the  ratio  of  the  squares  of  the  density,  and  also  that  air  may 
offer  less  resistance  to  the  action  of  pumping  it  out  of  a  tube 
than  to  that  of  forcing  it  through ;  in  like  manner  as  sand  may 
be  poured  out  of  a  tube,  but  is  only  with  great  difficulty 
forced  through. 

But  practice  is  better  than  theory,  and  the  triumphant 
speeds  obtained  at  Croydon  prove  that  the  friction  of  the  air 
in  the  tube  does  not  prevent  the  attainment  of  a  high  speed, 
but  is  merely  a  source  of  the  loss  of  some  power,  inasmuch 
as  the  barometric  gauge  at  the  end  of  the  tube  stands  some- 
what lower  at  the  end  of  the  tube  than  in  the  engine-house, 
I  believe  about  two  inches,  thus  showing  a  loss  of  about  10 
per  cent. ;  but  this  amounts  to  little  more  than  a  retardation 
during  the  prior  exhaustion,  and  also  to  some  extent  during 
the  running  of  the  train,  and  is  rapidly  diminished  as  the 
piston  advances  in  the  pipe,  so  that  five  per  cent  may  cover 
the  amount  of  the  loss  by  friction  of  the  air  in  the  pipe. 

We  have,  therefore,  the  following  losses  per  cent ; — 

Friction  of  engine  and  pump  10 

Adhesion  of  pump  valves,  and  heating  of  air    10 

Leakage 15 

Friction  of  travelling  piston 2 

Friction  of  air  in  traction  tube    5 

Together    42 

But  the  three  latter  items  are  deductions  from  the  residual 
power  after  20  per  cent  has  been  deducted;  their  amount 
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must  therefore  be  increased  in  the  ratio  which  100  bears  to 
80,  so  that  the  loss  becomes  47^  per  cent 

There  is  also  the  loss  of  fuel  in  keeping  the  steam  up 
during  the  time  the  engine  is  inactive.  The  best  stationary 
engines  may  be  worked  at  a  consumption  of  5  lbs.  of  coal 
per  horse  power  of  60,000  per  hour  working  constantly,  but 
if  the  engine  be  worked  only  a  portion  of  the  time,  and  re- 
main inactive  during  intervals,  having  the  steam  still  kept 
up,  the  expenditure  of  fuel  during  the  working  will  be  after 
the  rate  before  stated,  5  lbs.  per  horse-power  per  hour;  during 
the  intervals,  fuel  will  be  required  at  the  rate  of  2^  lbs.  of 
coal  per  horse-power  per  hour. 

These  data  are  fully  confirmed  by  the  evidence  of  Mr. 
Bergin,  who  has  part  of  the  management  of  the  Kingstown 
and  Dalkey  Atmospheric  Railway,  both  as  being  the  general 
opinion  of  engineers,  and  as  confirmed  by  the  results  of  eleven 
months'  working  of  the  engine  there. 

On  the  basis  of  the  results  shown  by  these  calculations,  I 
anticipate  considerable  advantage  may  result  from  the  system 
of  exhaustion,  which  I  have  patented,*  by  which  the  power 
constantly  exerted  by  comparatively  small  engines  may  be 
accumulated  during  the  intervals  between  the  running  of 
trains,  and  afterwards  made  available  in  assisting  the  engine 
in  exhausting  the  tube. 

In  addition  to  the  loss  of  power  whilst  the  en^ne  is  work- 
ing, the  Atmospheric  system,  as  hitherto  applied,  must  be 
charged  with  a  quantity  of  fuel  burnt  without  producing 
any  power;  and  unless  some  method  be  adopted  for  accu- 
mulating power  during  the  intervals,  this  lost  fuel  will  in 
some  cases  amount  to  more  than  twice  the  amount  of  fuel 
usefully  burnt,  and  even  in  very  favourable  cases,  to  half  the 
amount  of  the  fuel  usefully  burnt. 

I,  however,  hope  that  my  method  of  accumulating  power 

*  See  specification  annexed. 
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will  enable  us  to  reduce  the  fuel  wasted  during  inaction,  to 
from  15  to  20  per  cent,  of  the  amount  of  fuel  usefully  em- 
ployed. And  I  will  now  remark  that  all  other  systems  of 
locomotion,  by  stationary  power,  are  subject  to  the  like  loss 
of  fiiel  during  the  period  the  engine  is  inactive,  as  occurs  in 
the  Atmospheric  system,  as  hitherto  applied ;  indeed,  more 
8o,  for  on  the  Atmospheric  system  the  power  is  accumulated 
during  the  production  of  the  prior  exhaustion,  but  the  rope 
system  does  not  admit  of  any  accumulation.  The  locomotive 
engine  must  also  be  charged  with  sotne  loss  of  fuel  during 
inaction;  but  this  will  perhaps  not  exceed  10  per  cent,  as  the 
fiiel  does  not  consume  very  rapidly,  when  not  urged  by  the 
blast  pipe. 

The  account  of  fuel  and  power  between  the  locomotive 
and  the  atmospheric  system,  will,  therefore,  stand  as  follows, 
each  system  being  supposed  to  carry  loads  of  75  tons,  or 
about  15  passenger  carriages  on  a  level,  and  two  trains  per 
hour: — 

ON   THE   LOCOMOTIVE. 

200  of  money,  represents  100 

The  loss  by  locomotive  equals  the  power  usefully 
employed 50 

Power  usefully  employed   50 

ON   THE   ATMOSPHERIC  AS  HITHERTO   USED,   THE   TRAFFIC 
BEING  TWO   TRAINS    PER  HOUR. 

200  of  money,  represents  100  loss  during  interval, 
and  100  of  power  generated  lOO.O 

Losses  by  friction  of  engine,  by  air  pump,  heat  of 
air,  leakage,  friction  of  air,  and  travelling  piston   47.5 

Power  usefully  employed    52.5 

ON   MT   SYSTEM. 

240  of  money,  (after  deducting  20  per 

cent,  for  lost  fuel,)  represents  200  of  power. 

Losses  at  47.5  per  cent,  as  before    95 

Power  usefully  employed 105 
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This  being  reduced  according  to  proportion  between  200 
and  240,  ^ves  87.5. 

Thus  the  Atmospheric  system,  as  hitherto  used,  has  the 
advantage  of  the  locomotive  in  consumption  of  fuel  in  the 
proportion  of  52.5  to  50. 

My  system  may  have  the  advantage  over  the  locomotive  in 
consumption  of  fuel  as  87.5  to  50. 

But  the  results  of  such  calculations  would  materially  vary, 
according  to  the  data  of  the  weight  and  of  the  number  of 
tr£uns  per  day;  for  the  loss  on  the  locomotive  systems 
becomes  very  much  greater  when  the  train  is  much  smaller 
than  75  tons  or  15  carriages ;  and  the  loss  on  the  Atmos- 
pheric system,  as  hitherto  applied,  that  is,  without  reservoirs, 
is  very  great  when  few  trains  are  run. 

Again,  when  a  heavy  traffic  of  goods  has  to  be  taken  over 
a  level  or  very  slight  gradients,  the  locomotive  will  prove  the 
most  economical ;  but  when  the  gradients  become  so  severe 
as  to  cause  slipping  of  wheels,  and  require  assistant  engines, 
I  doubt  not  the  Atmospheric  system  will  afford  great  advan- 
tages. 

The  Atmospheric  system  also  promises  great  advantages 
in  the  rapid  transit  of  passengers  over  a  line  of  moderate 
length,  that  is,  30  to  40  miles,  which  would  easily  admit  of  a 
single  line  being  used. 

A  vote  of  thanks  was  afterwards  unanimously  passed,  on 
the  motion  of  Dr.  Alexander,  of  Halifax,  to  the  Chairman, 
for  his  services  in  the  chair,  and  his  still  more  valuable  con- 
tribution that  day  to  practical  science — a  contribution,  like 
many  other  kindred  discoveries,  so  remarkable  for  its  sim- 
plicity and  easy  application.  The  Society  then  adjourned  to 
dinner,  and  there  was  no  further  business  in  the  evening. 
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GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
ef  t^t  nmtfiUlSiainq  of  ^otUii^lxt, 

AT  THE  THIRTr*8ECOND  QUARTEBLY  MEETING,  HELD  IN  THE 

CONCEBT  ROOM,  YOBK^ 

ON  THURSDAY,  THE  23RD  JULY,  1846. 


The  Right  Hon.  the  Earl  Fitzwilliam,  F.R.S.,  President, 
in  the  Chair. 

The  Noble  Chairman  stated  that  Dr.  Lyon  Platfair 
was  to  have  read  a  paper  at  this  meeting  on  ^<  The  Chemical 
Effects  of  Summer  Fallows/'  but  having  lately  taken  unto 
himself  a  partner,  he  was  not  able  to  attend  on  the  present 
occasion.  He  (the  Chairman)  should,  therefore,  call  upon 
the  Rev.  Dr.  Scoresbt  to  read  his  paper 

ON   THE   CONSTRUCTION  AND  PERFORMANCES    OF   THE    EARL 
OF    ROSSB's    GIGANTIC   TELESCOPE. 

The  Re?.  Dr.  Scoresby,  after  a  few  introductory  observa- 
tions, remarked  that  he  might  have  occasion  to  refer  very 
briefly  to  the  principle  of  the  instrument  as  necessary  to  the 
illustration  of  his  subject.  For  the  information  of  those  who 
might  not  be  aware  of  the  construction  of  the  telescope,  he 
would  observe  that  the  principle  upon  which  it  acted  was  this, 
— it  simply  depended  upon  the  property  of  a  convex  glass  and 
of  concave  reflectors,  which  produce  an  image  at  their  focus. 
For  instance,  if  he  had  a  magnifying  glass,  and  admitted  the 
light  through  that,  more  particularly  in  the  way  of  the  camera 
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obscura,  there  would  be  an  image  of  the  object  formed  at  the 
other  end.  That  image  would  be  in  proportion  to  the  focal 
length  of  the  glass,  so  that  the  telescope  which  had  the 
longest  focal  distance  would  magnify  the  best.  It  is  the 
area  or  surface  of  the  glass,  or  the  metal,  which  gives  the 
quantity  of  light,  but  a  speculum  of  on&-inch  size  will  pro- 
duce the  same  magnifying  power  if  the  focal  length  is  fifty- 
four  feet,  as  the  six  feet  telescope  of  Lord  Bosse.  The  only 
other  thing  with  reference  to  the  principle  was  the  examination 
of  the  object,  which  can  be  shown  by  a  simple  experiment 
with  a  lantern  or  candle.  If,  for  instance,  he  placed  a  mag- 
nifying glass  near  a  candle  or  a  lamp,  he  would  have  thrown 
on  a  piece  of  paper  the  image  of  the  candle  inyerted.  The 
forms  of  telescopes  are  very  various,  and  the  Earl  of  Rosse 
has  greUtly  improved  the  previous  practice  with  reference  to 
the  construction  of  telescopes.  One  of  the  most  striking 
things  was  his  very  fine  invention  for  the  casting  of  a  speculum 
of  large  magnitude.  The  substance  of  which  the  speculum 
is  made  was  a  mixture  of  tin  and  copper,  thus  forming  an 
alloy  of  the  most  brittle  substance  known;  hence  the  difficulty 
of  casting  speculums  so  that  they  would  bear  the  abrasion 
of  polishing  and  grinding.  Not  long  since  he  met  with  an 
Irish  gentleman  at  the  Earl  of  Rosse's  residence,  who  had 
received  a  gold  medal  from  the  Society  of  Arts,  for  the 
completeness  with  which  he  had  constructed  a  speculum  of 
nine  inches  in  diameter.  That  gentleman  told  him  that  he 
had  made  thirty  difierent  castings,  and  out  of  these  he  had 
obtained  only  two  perfect  specimens.  The  Earl  of  Rosse 
had  cast  four  speculums  of  six  feet  in  diameter  instead  of 
nine  inches,  and  weighing  three  tons  instead  of  fifteen  or 
twenty  pounds;  out  of  these  he  got  three  perfect  castings, 
one  of  which,  however,  was  unfortunately  afterwards  spoiled 
by  the  carelessness  of  a  workman.  Connected  with  the  pre- 
paration of  the  metal  there  is  a  matter  of  interest  to  the 
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chemist.  In  pouring  the  metal  into  the  mould,  if  it  is  too 
hot  the  experiment  will  fail,  and  also  if  too  cold.  There  is 
an  intermediate  degree  of  heat  to  which  the  metal  should  be 
reduced,  and  this  might  be  obtained  by  the  following  chemical 
test  All  chemists  are  aware  that  on  the  melting  of  metals 
there  would  be  an  oxyde  formed  on  the  surface.  But  they 
were  also  aware  that  a  piece  of  wood  of  a  carbonaceous  sub- 
stance would  reduce  that  oxyde  and  convert  it  to  metaL 
This  was  the  means  which  the  Earl  of  Rosse  had  adopted 
to  reduce  the  oxyde,  and  the  moment  that  effect  was  pro- 
duced, the  metal  was  in  a  fit  condition  to  pour  into  the 
mould.  Great  difficulty  had  also  arisen  with  respect  to  the 
grinding  and  figuring  of  the  speculum;  but  Lord  Rosse 
had  also  succeeded  in  oyercoming  this  obstacle  by  the  con- 
trivance of  a  simple  piece  of  machinery,  whereby  he  was 
enabled  to  perform  the  operation  under  an  equal  temperature, 
which  was  most  essential  to  the  perfection  of  the  speculum. 
Having  described  the  manner  in  which  this  great  instrument 
is  fixed  for  the  purposes  of  observation.  Dr.  Scoresby  pro- 
ceeded to  give  an  interesting  account  of  its  performances. 
The  instrument  was  first  brought  into  operation  in  the  spring 
of  last  year,  and  in  the  course  of  one  month  there  were  no 
less  than  forty-three  nebulae  resolved  into  distinct  stars  by  its 
aid,  those  nebula  having  hitherto  appeared,  through  other 
instruments,  to  be  merely  obscure  specks.  This  was  a 
fact  which  led  him  to  apprehend  that  those  who  were 
advocates  of  the  nebuke  theory  would,  ere  long,  abandon 
the  idea  of  their  being  luminous  matter  in  the  process  of 
being  formed  into  suns  or  worlds.  Dr.  Robinson,  of 
Armagh,  stated  that,  with  Lord  Rosse's  telescope,  stars 
which  Herschel  described  as  of  the  fifteenth  magnitude, 
were  as  brilliant  as  stars  of  the  first  magnitude  seen  by  a 
telescope  of  three  or  four  feet  in  length.  He  next  referred 
to  the  indescribably  gorgeous  appearance  of  the  surface  of 
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the  moon  as  seen  through  this  gigantic  telescope,  and  to  the 
discovery  of  a  large  number  of  craters  thereon,  some  of 
which  were  as  minute  as  the  blunted  point  of  a  pin,  and 
as  distinct  as  if  cut  with  a  diamond,  whilst  others  had  the 
appearance  of  being  surrounded  by  walls  or  rugged  rocks, 
which  had  probably  been  formed  by  the  emission  of  volcanic 
matter.  To  give  a  popular  idea  of  the  powers  of  this  in- 
strument, he  would  observe  that  any  building  the  size  of 
York  Cathedral,  or  even  less,  might  be  distinctly  seen,  if 
there  were  such  a  building  on  the  surface  of  the  moon.  It 
was  pretty  certain  that  the  moon  was  not  inhabited;  that 
there  was  not  even  "  a  man  in  the  moon ;"  at  all  events,  if 
it  were  so,  the  inhabitants  must  be  pigmies  in  stature,  or 
altogether  of  a  different  nature  from  ourselves.  It  was  con- 
cluded also  that  there  was  no  water  on  the  surface  of  the 
moon — ^no  meandering  streams  or  rivers,  as  in  this  country — 
and  no  extensive  lakes,  as  in  America.  In  short,  the  surface 
of  the  moon  presented  the  appearance  of  a  world  in  ruins. 
Such  was  a  brief  outline  of  the  discoveries  which  had  already 
been  made,  and  there  were  ample  grounds  for  anticipating 
far  greater  results  than  those  which  had  been  realised. 


The  Venerable  Archdeacon  Wilberforcb  moved  a  vote 
of  thanks  to  Dr.  Scoresby,  which  was  carried  unanimously. 


The  Chairman  next  called  upon  the  Rev.  W.  Thorp, 
the  Secretary  to  the  Society,  to  read  his  paper,  entitled 

ILLUSTRATIONS     OF     THB      6E0LOOT     OF     THE     YORKSHIRE 
COAL    FIELD. 

He  observed  that  the  CoaUfield  of  Yorkshire  is  one  of 
the  largest,  and  is  hitherto  less  exhausted  of  its  minerals 
than  any  other  in  Great  Britain.  The  towns  of  SheflSeld, 
Bradford,  Leeds,   Halifax,   Huddersfield,  and  Barnsley  owe 
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their  existence  to  thein.  About  4,000,000  tons  are  annually 
raised,  and  owing  to  the  want  of  a  cheap  and  quick  com- 
mnnication  to  the  sea,  on  the  one  hand,  only  comparatively 
few  tons  are  annually  exported,  while  Northumberland  and 
Durham  export  7,000,000  tons ;  and,  on  the  other,  without 
any  connection  with  any  main  trunk  lines  of  railway  of  the 
country,  as  the  Sheffield  and  Manchester,  or  Midland,  the 
Coal-field  from  Wakefield  to  near  Sheffield  is  completely  cut 
off  from  all  cheap  and  quick  modes  of  transit  Some  of  the 
lower  portions  of  the  strata  of  this  Coal-field  are  prolonged 
into  Derbyshire,  and  others  into  Lancashire.  The  vertical 
thickness  of  the  whole  strata  is  about  1,200  yards,  which 
may  be  divided  into  three  parts.  The  lowest  portion,  about 
200  yards  thick,  does  not  produce  coal  of  any  very  great 
value.  The  middle  portion,  prolonged  into  Derbyshire,  is 
about  600  yards  thick,  and  contains  the  most  productive  and 
richest  number  of  coal  seams.  The  upper  portion,  about 
300  yards  thick,  consists  entirely  of  coarser  arenaceous  beds, 
and  the  coal  beds  do  not,  as  lower  in  the  series,  cover  large 
areas. 

The  Rev.  Gentleman  proceeded  into  a  minute  detail  of  the 
various  seams  of  coal,  their  position,  quantity,  and  quality, 
which  he  illustrated  by  reference  to  various  sections,  and 
mentioned  the  fact  that,  in  the  lowest  portion,  although  the 
Coal  was  of  inferior  quality,  yet  there  was  no  portion  of  the 
Coal-field  more  curious  in  its  Geological  relations,  and  par- 
ticularly with  regard  to  a  considerable  diversity  of  marine 
shells,  which  are  found  in  several  parts  of  the  Coal-field  near 
Sheffield,  Halifax,  &c. 

The  average  vertical  thickness  of  solid  coal  in  Yorkshire  is 
from  90  to  100  feet,  and  Humboldt  asserts  that  in  the  tem- 
perate zone  the  growth  for  100  years  of  the  forests  upon  any 
given  part  would  not  cover  it  seven  lines  (not  half  an  inch)  in 
thickness  with  carbon ;  and  therefore  in  order  to  account  for 
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the  enormous  quantities  and  sizes  of  the  plants  which  compose 
the  Coal  strata,  we  must  inquire  into  the  forces  which  are 
concerned  in  the  organization  of  plants.  A  greater  quantity 
of  carbonic  acid  in  the  atmosphere,  together  with  an  increase 
of  terrestrial  temperature,  have  been  assigned  as  sufficient 
causes  for  this  luxurious  vegetation ;  but  from  the  researches 
of  Dr.  Draper,  Professor  in  the  University  of  New  York, 
light,  or  rather  the  tithonic  rays,  are  the  active  agents 
in  the  growth  of  all  vegetation.  That  gentleman  had 
suggested  that  the  sun  is  one  of  those  periodic  stars,  the 
light  of  which  undergoes  secular  changes ;  that  for  a  series 
of  years  or  of  centuries,  it  increases  in  brilliancy,  and  then 
fades  away;  that,  affected  by  this,  the  rate  of  vegetable 
growth,  the  character  of  animal  life,  the  constitution  of  the 
atmosphere,  is  simultaneously  changed  in  all  the  attendant 
planets.  And  among  the  stars  these  periodic  variations  do 
take  place.  It  signifies  nothing  that  these  periods  are  short. 
In  the  constitution  of  the  universe,  no  value  is  attached  to 
time.  With  men,  whose  period  of  action  is  embraced  in  a 
few  years,  the  different  events  are  circumscribed  by  measured 
spaces.  But  in  the  administration  of  the  universe,  the  case 
is  different ;  in  eternity  there  are  no  limits  of  duration,  and 
time  can  be  expended  without  loss  or  detriment.  In  the 
revolution  of  one  system  of  stars  round  another,  millions  of 
centuries  are  required,  and  they  are  consumed.  And  in  the 
case  we  are  considering,  the  glowing  and  fading  away  of  one 
star  may  be  accomplished  in  a  few  days,  but  inconceivably 
greater  periods  may  be  wanted  for  the  same  events  in  another. 
Even  philosophers  are  too  prone  to  believe  that,  by  the  short 
spaces  of  human  life,  or  the  history  of  nations,  they  can 
mark  out  periods  in  eternity ;  but  whether  we  consider  the 
scale  of  space,  or  of  time,  on  which  the  universe  is  con- 
structed, we  see  that  our  minds  are  so  constructed  as  to  be 
equally  unable  to  appreciate  either  extremity;  that  we  can 
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attach  no  just  idea  to  what  is  either  infinitely  great  or  in* 
finitely  small ;  and  that,  therefore,  our  views  do  not  always 
justly  apply  in  natural  events.  Of  one  thing  we  may  rest 
assured,  that  no  matter  how  great  the  periods  that  may  be 
required  for  the  phenomena  of  the  universe  to  transpire, 
there  has  been,  and  will  be,  time  enough  for  their  endless 
repetition.* 

At  the  conclusion  of  the  paper. 

Professor  Phillips  congratulated  the  Society  on  hearing 
the  result  of  many  years  of  hard  work  among  the  Coal-fields 
in  Yorkshire;  and  he  expressed  a  hope  that  Mr.  Thorp 
would  publish  the  result  of  his  experience  more  at  length  in 
the  transactions  of  the  Society. 

Dr.  BucKLAND,  (Dean  of  Westminster,)  ofibred  some 
remarks  in  favour  of  the  theory  that  Coal  was  a  vegetable 
construction.  He  afiirmed  it  to  be  the  unanimous  opinion  of 
all  competent  persons  that  the  Coal-fields  of  this  county  were 
derived  from  vegetable  origin,  and  composed  of  vegetables 
grown  upon  the  spot ;  and  after  seeing  Mr.  Thorp's  sections, 
he  was  himself  more  and  more  confirmed  in  that  opinion. 
He  concluded  by  expressing  admiration  of  the  labours  of  Mr. 
Thorp,  and  also  eulogised  the  eflbrts  of  Professor  Phillips 
in  the  same  pursuits. 

Sir  R.  I.  MuRCHisoN  dissented  from  the  opinion  that  the 
Yorkshire  Coal-field  was  a  deposit  of  jungles,  forests,  peat 
bogs,  and  masses  of  vegetables  grown  upon  the  spot  He 
argued  that  it  was  a  deposit  of  matter  drifted  from  a  distance; 
and  he  asserted  this  after  having  accompanied  Mr.  Thorp  in 
his  travel.  To  a  large  portion  of  the  tract  under  considera- 
tion, he  could  bear  ample  testimony  as  to  its  accuracy.  The 
Coal-fields  of  the  North,  of  England,  such  as  Newcastle  and 

•  The  entire  paper,  of  which  this  is  an  abstract,  will  appear  in  Mr.  Thorp's 
forthcoming  ?oluroe  on  the  Yorkshire  Coal  Field. 
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Durham  for  instance,  which  he  had  lately  examined,  were 
most  certainly  of  the  latter  description.  In  conclusion,  he 
complimented  the  author  upon  his  distinguished  labours. 

Professor  Phillips  begged  to  observe  that  when  the  facts 
or  phenomena  were  self-evident,  Geologists  were  willing  to 
agree;  but  where  they  offered  somewhat  doubtful  characters, 
then  they  were  compelled  to  differ,  and  could  be  allowed  to 
do  so.  The  fact  was  that  he  thought  to  a  certain  extent 
both  theories  were  correct  In  some  instances.  Coal-fields 
were  derived  from  vegetables  which  had  grown  on  the  spot ; 
and  in  others,  they  were  the  accumulation  of  vegetable  sub- 
stances transported  from  other  localities  by  the  action  of 
floods. 

Earl  FiTzwiLLiAM  said  he  thought  the  students  of  (Jeology 
were  too  apt  to  draw  hasty  conclusions,  as  they  were  igno- 
rant of  the  mighty  power  which  had  been  at  work  in  the 
formation  of  the  crust  of  the  earth. 

After  a  vote  of  thanks  to  the  Noble  Chairman  by  Dr. 
BucKLAND,  the  meeting  concluded* 
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PROCEEDINGS 

OP  THB 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
et  t^t  Wltnt^ainq  of  Votbti^ixt, 

AT   THB   ANNUAL   MEETINQ,   HELD  IN   THE    CUTLEBs'  HALL, 
SHEFFIELD^   ON   WEDNESDAY,   OGTOBEB   28tH>    1846. 


The  Right  Hon.  the  Earl  Fitzwilliam,  F.R.S.,  President, 
took  the  Chair. 

His  Lordship  said,  the  first  proceedings  in  point  of  order, 
or,  rather,  in  point  of  custom,  would  be  the  election  of  New 
Members,  and  then  the  reading  of  the  Report ;  after  which, 
the  constitution  of  the  Society  authorized  the  election  of  Offi- 
cers ;  and  those  gentlemen  who  had  previously  held  office  were 
eligible  to  be  re-elected;  but  it  was  necessary  that  this  form 
should  be  adhered  to,  as  they  were  only  elected  for  one  year. 

The  Rev.  Wm.  Thorp  then  moved,  and  Mr.  Thomas 
Wilson  seconded,  that  the  following  gentlemen  be  admitted 
Members  of  the  Society : — 

The  Hon.  and  Rev.  W.  HowaED,  of  Whiston ; 

The  Rev.  Wiluam  Mason,  of  Normanton; 

James  Yates,  Esq.,  F.R.S.,  Norton  Hall,  Derbyshire. 

The  Secretary  then  read  the  following  Report  for  the 
past  year : — 

REPORT  OF  THE  COUNCIL  OF  THB  GEOLOGICAL  AND 
POLYTECHNIC  SOCIETY  OF  THB  WEST  -  RIDING  OF 
YORKSHIRE,  PRBSENTED  AT  THB  EIGHTH  ANNUAL 
MEBTING,     ON    THE     28tH     OF    OCTOBER,     1846. 

The  progress  of  the  Society  during  the  two  years  past, 
and  its  present  condition  and  prospects,  may  be  considered 
satisfisictory  and  encouraging. 
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Owing  to  the  change  of  the  office  of  Secretary,  the  printed 
transactions  of  the  Society,  as  well  as  the  monies  due  to  it, 
had  become  considerably  in  arrears;  but  the  Council  are 
happy  to  state  that  copies  of  the  Reports  hitherto  deficient, 
(as  far  as  the  Doncaster  Meeting,  October,  1845,)  are  now 
ready  for  the  Members ;  the  debts  of  the  Society  are  all  paid 
off;  and  sufficient  money  is  collected  to  permit  the  affairs  of 
the  Society  to  be  conducted  with  ease  and  satisfaction. 

It  is  most  satisfactory  to  the  Council  to  state  that  the 
objects  for  which  the  Society  was  instituted  continue  to 
excite  the  greatest  interest  in  all  the  towns  to  which  the 
visits  of  the  Society  are  made ;  that  the  Meetings  have,  with 
only  one  or  two  exceptions,  been  numerously  attended ;  and 
that  an  increased  number  of  most  valuable  communications 
have  been  recently  made,  which  will  be  found  in  the  pub- 
lished reports  alluded  to. 

In  consequence  of  these  Reports,  it  is  unnecessary  to  give 
more  than  a  bare  enumeration  of  the  Papers  that  have  been 
read,  which  are  as  follow : — 

^'  On  the  Spontaneous  Decomposition  of  Fat,"*  by  Wm.  Lucas, 
Esq. 

<<  A  Description  of  Fossil  Trees  found  in  Erect  Positions  in  the 
Carboniferous  Strata,"  by  £.  W.  Binney,  Esq. 

"  On  the  Construction  of  an  improved  Anemometer,"  by  Ben- 
jamin Biram,  Esq. 

"  On  a  Fossil  Nautilus,  found  near  Halifax,"  by  Dr.  Inglis. 

<<  On  the  Principal  Faults  in  the  Yorkshire  Coal  Field,"  by  the 
Rev,  W.  Thorp. 

"  On  the  Advantages  of  Mechanical  Force  over  the  Power  of 
Rarefaction  in  Ventilating  Mines  and   Buildings,"  by  Mr 
Foumess,,  of  LfCeds. 

When  it  is  considered  that  the  amount  of  human  life  sacri- 
ficed annually  by  explosions  in  coal  mines  is  very  enormous, 
and  the  expense  of  Mr.  Foumess's  machine  is  comparatively 
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trifling,  and  its  utility  being  folly  proved,  it  is  very  extra- 
ordinaf^  that  it  is  so  little  in  use.  It  is  hoped,  however,  that 
the  attention  of  persons  connected  with  mines  will  be  called 
to  the  subject  by  the  publication  of  this  valuable  communica- 
tion. 

'<  On  the  Causes  of  the  different  Rates  of  Mentality  in  some  of 
the  most  populous  Towns  in  the  West  Riding  of  York- 
shire," by  the  Rev.  W.  Thorp. 

Sheffield  and  Leeds  have  exactly  the  same  rates  of  mortality, 
1  in  every  38  persons  dying  annually  in  each  place.  Why  is 
thb?  Httddersfield  and  Halifax  have  likewise  exactly  the 
same  rates  of  mortality,  1  in  every  48  persons  dying.  Why 
are  these  rates  exactly  alike  ?  And  why  are  the  two  latter 
places  so  much  more  healthy  than  Leeds  or  Sheffield,  or  even 
than  the  agricultural  districts  of  Doncaster,  Thome,  Selby, 
Pontefract,  and  Goole  ?  Barnsley  and  Wakefield  have  like- 
wise the  same  rates  of  mortality.  Bradford  is  much  more 
healthy  than  Leeds  or  Sheffield.  Why  is  this?  The  districts 
of  Glendale,  Bellingham,  and  Haltwhistle,  about  15  miles 
distant  from  Newcastle,  are  just  twice  as  healthy  as  New- 
castle itself,  1  in  68  dying  in  these  districts,  and  1  in  34  in 
Newcastle.  Liverpool,  with  its  gentle  slope  to  the  Mersey 
and  fine  sea  air,  is  the  most  unhealthy  town  in  England; 
while  the  oolite  districts  of  Helmsley,  Pickering,  and  Malton, 
are  the  most  salubrious  parts  in  Yorkshire.  The  Paper 
professes  to  account  for  these  differences. 

«  Qn  Vibrations  producing  Sound,"  by  W.  Sykes  Ward,  E»q. 

This  Paper  treats  of  one  of  the  most  profound  branches 
of  the  physical  sciences,  and  discusses  the  question  whether 
sound  is  produced  and  propagated  by  undulatory  or  by  pro- 
gressive motion. 

'<  On  the  Mutual  Relations  of  Animal  and  Vegetable  Existence/' 
by  Dr.  Heaton. 

B    B 
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This  most  excellent  Paper  treats,  in  addition  to  what  its 
title  would  lead  us  to  expect,  of  some  of  the  more  r#5ondite 
phenomena  of  the  nutrition  of  organized  beings. 

*'  On  Lime,  and  its  Uses  in  Agriculture,"  by  Henry  Briggs, 
Esq. 

This  valuable  Paper  not  only  shows  the  uses  of  lime  and 
the  quantity  per  acre  required,  but  also  affords  the  results  of 
some  costly  analyses  of  lime  from  various  parts  of  Yorkshire. 

"On  the  Remains  of  Microscopic  Animals  in  the  Rocks  of 
Yorkshire,"  by  Professor  Phillips. 

This  Paper  indicates  the  characters  and  species  of  the 

amazing  number  of  infusoria  found  in  all  the  more  compact 

and  stratified  rocks  of  Yorkshire. 

"  On  some  peculiar  states  of  Water  at  High  Temperature,  and 

upon  the  Freezing  of  Water  in  red  hot  vessels,"  by  Wm. 

West,  Esq.,  F.R  S. 

This  Paper  is  explanatory  of  the  experiments  performed 
by  Mr.  West,  which  excited  the  highest  degree  of  interest, 
and  were  performed  with  the  greatest  skill. 

''Observations  on  the  Currents  and  Phosphorescence  of  the 

Atlantic,"  by  the  Rev.  Dr.  Scoresby,  F.R.S.,  &c.  &c. 
"  On  some  interesting  Communications  made  at  the  recent  Meeting 

of  the  British  Association  at  Cambridge,"  by  the  Rev.  Dr. 

Scoresby. 
**  On  the  Fossil  Animal  Exuviae  of  the  Yorkshire  Coal  Field," 

by  Mr.  Denny,  A.L.S. 

The  author  gives  an  account  chiefly  of  the  animal  remains 
preserved  in  the  public  and  private  collections  of  specimens 
in  and  near  Leeds. 

In  conclusion,  the  Council  desire  to  express  their  warmest 
acknowledgments  and  gratitude  to  their  enlightened  and  most 
noble  President  for  his  very  kind  attention  to  the  Society, 
and  especially  for  so  repeatedly  presiding  over  their  Meetings; 
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and  while  they  perceive  that  the  Society  yearly  advances  in 
public  estimation,  they  express  their  conviction  that  it  has 
only  to  persevere  in  the  course  hitherto  pursued  to  render  its 
utility  more  universally  known  and  distinguished. 

STATEMENT  OF  THE  RECEIPTS  AND  EXPENDITURE, 
From  Ist  January,  1846,  to  28th  October,  1846. 
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Dr.  Heaton  moved  "that  the  Report  of  the  Council, 
together  with  the  Statement  of  the  Accounts,  be  receiyed 
and  printed."  He  congratulated  the  Society  on  the  very 
satisfactory  Report  which  he  had  the  pleasure  of  moving. 
The  statement  of  the  financial  affairs  of  the  Society  was 
most  gratifying,  and  clearly  showed  that  the  esteem  in  which 
the  Society  was  held  was  gradually  increasing ;  and,  from  the 
nature  of  the  knowledge  which  it  purported  to  communicate, 
he  was  sure  that  it  deserved  to  rise  higher  and  higher,  and 
he  felt  no  doubt  but  that  it  would  do  so.  He  was  glad  that 
their  efficient  Secretary,  Mr.  Thorp,  would,  in  future,  be 
relieved  from  a  great  portion  of  his  hitherto  very  laborious 
duties ;  and  thus  the  efficiency  and  usefulness  of  the  Society 
would  be  preserved  and  increased. 

Phineas  Beaumont,  Esq.,  seconded  the  motion. 

*  A  dafieiancy  ii  apparant  in  thaaa  amoonts,  w^ich  ia  oeeaaUnad  by  £1  11a.  6d.  having  baan 
dadoctad  bj  aoma  Mambars  for  not  laeairing  thair  Uaporta. 

B    B    2 
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The  Rev.  Dr.  Scorbsby  moved  "that  the  following 
noblemen  and  gentlemen  be  Officers  and  Council  for  the 
ensuing  year :" — 

EARL  FITZWILLIAM,  F.R.S. 


1 


DiTKB  OF  Norfolk. 
Earl  of  Effingham. 
Earl  of  Dartmouth. 
Lord  Wharncliffe. 
Lord  Stourton. 
Viscount  Milton. 
Hon.  W.  S.  Lascelles,  M.  P. 
Sir  F.  L.  Wood,  Bart. 
Sir  W.  B.  Cooke,  Bart. 
Right  Hon.  Chas.  Wood,  M.P. 
Rev.  Dr.  Scoresby,  F.R.S. 
Rev.  Samuel  Sharp. 
Rev.  Theofhilus  Barnes. 


T.  W.  Beaumont,  Esq. 
J.  Spencer  Stanhope,  Esq. 
G.  Lane  Fox,  Esq. 
J.  W.  Childerb,  Esq. 
Edward  B.  Beaumont,  Esq. 
R.  M.  Milnbs,  Esq.,  M.P. 
Godfrey  Wentworth,  Esq. 
W.  Bennett  Martin,  Esq^ 
James  G.  Marshall,  Esq. 
Michael  Ellison,  Esq. 
T.  D.  Bland,  Esq. 
Phiup  D.  Cooke,  Esq. 
William  West,  Esq.,  F.R.& 


Henry  Briggs,  Esq. 
J.  T.  Clay,  Esq. 
Henry  Holt,  Esq. 
Thomas  Wilson,  Esq. 


CounctL 
Chab.  Morton,  Esq. 
Dr.  Wm.  Alexander. 
J.  M.  Stansfeld,  Esq. 
J.  W.  Leather,  Esq. 


Ambrose  Butler,  Esq. 
Dr.  Chaowick. 
Edward  Waud,  Esq. 
Dr.  Hsaton. 


KonoroTB  S^ecretors. 
Rev.  Wiluam  Thorp,  Womerdey  Vicarage. 

TUii^Uatt  Ibecretors  cnH  Crenturer. 
Mr.  Henry.  Denny,  A.L.S. 

i^oiiovats  Cttfototfl. 
T.  W.  Embleton,  Esq.,  and  J.  G.  Marshall,  Esq.,  F.G.S. 

aulritors. 
Benj.  Biram,  Esq^,  and  G.  W.  Chambers,  Esq. 

Mr.  Alderman  Dunn  seconded  the  motion,  and  said  he 
hoped  he  might  be  allowed  to  say  a  word  in  reference  to  the 
Report.  It  was  stated  therein  that,  with  one  or  two  excep- 
tions, the  Meetings  of  the  Society  had  haen  well  attended. 
As  a  native  of  Sheffield,  he  could  not  but  express  his  deep 
sorrow  and  sincere  regret  that  this  town  should  be  deter- 
mined to  hold  so  pre-eminently  unenviable  a  notoriety  in  not 
attending  these  Meetings  in  a  proper  manner.    He  hoped  the 
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Council  would  give  Sheffield  one  trial  more;  and  that  in 
future  the  Meetings  of  this  Society  would  be  attended  as 
they  deserved  to  be. 

Mr.  Wilson  moved  and  Mr.  Biram  seconded  a  vote  of 
thanks  to  Dr.  William  Alexander,  of  Halifax ;  Thomas  Pitt, 
Esq.,  of  Huddersfield;  Phineas  Beaumont,  Esq.,  Sheffield; 
and  G^rge  C.  Walker,  Esq.,  Doncaster,  for  their  exertions 
in  behalf  of  the  Society  in  acting  as  Local  Treasurers ;  and 
that  they  be  requested  to  continue  their  valuable  services. 


The  Rev.  Dr.  Scorbsbt  was  now  called  on  by  the  Chair- 
man to  read  his  Paper 

ON  SOMB  INTBRBSTING  COMMUNICATIONS  RBCBNTLY  MADB 
AT  THB  MBBTING  OF  THB  BRITISH  ASSOCIATION  FOR 
THB  ADVANCBMBNT  OF  SCIBNCE,  HBLD  AT  SOUTH- 
AMPTON. 

.  Dr.  ScoRBSBT  then  came  forward,  and  said  the  four  sub- 
jects he  intended  to  introduce  to  the  meeting,  if  he  should 
have  time,  were — 

1.  Some  account  of  the  Decomposition  of  Water  into  its 
Constituent  Elements  by  Heat^  and  vice  versa* 

2.  Some  account  of  the  Tube  across  the  Menai  Straits. 

3.  Observations  on  Professor  Schonbgin's  Explosive  Cotton. 

4.  Some  notice  of  Artesian  Wells,  with  the  new  mode  of 
Boring  them,  as  suggested  by  Mens.  FauveUe. 

The  first  theory  had  been  advanced  by  Professor  Grove,  at 
the  discussions  of  the  Chemical  Section  for  the  Advancement 
of  Science,  at  Southampton,  who  had  contrived  an  apparatus 
called  the  ^*  Euidiometer,"  by  which  he  could  collect  the 
gases,  and  make  satbfactory  experiments  upon  them.  It  was 
asserted  by  Professor  Qrove  that  the  same  process  which 
would  combine  gases  would  also  separate  them.  It  was  a 
well-known  fact  that  water  was  composed  of  oxygen  and 
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hydrogen,  from  a  chemical  union  of  which  it  can  be  easily 
formed*  No  success  had  attended  any  attempt  to  collect 
both  oxygen  and  hydrogen  into  one  experiment,  without 
having  been  absorbed  by  any  other  substance.  The  process 
introduced  by  Professor  Grove  was  clearly  elucidated  by 
diagrams,  and  consisted  in  the  introduction  of  two  platina 
wires  into  the  lower  part  of  a  glass  tube,  hermetically^  sealed 
and  filled  with  water,  from  which  the  atmospheric  air  had 
been  expelled  by  the  process  of  boiling.  The  wire  is  then 
heated  in  an  immense  degree  by  the  galvanic  current,  and 
the  intense  heat  has  the  effect  of  decomposing  the  water,  and 
the  gases  ascending  to  the  top  in  large  bubbles  are  collected 
at  the  other  end  of  the  tube.  The  decomposition  was  pro- 
duced by  the  action  of  the  galvanic  fluid.  The  result  was 
precisely  the  same  by  the  hydrogen  blowpipe.  Dr.  Scoresby 
said  it  was  necessary  that  the  water  used  should  be  distilled, 
or  the  result  would  not  be  the  same.  The  plan  was  somewhat 
analogous  to  that  which  had  been  laid  down  by  Dr.  Priestley, 
though  not  altogether  so.  The  impression  left  on  the  mind 
of  the  Association  at  the  time  that  it  was  introduced  was, 
that  the  experiment  was  singular,  conclusive,  and  interesting. 
Dr.  Scoresby  next  introduced  the  subject  of  the  tunnel 
tube  across  the  Menai  Straits,  which  was  proposed  to  be  450 
feet  in  length.  The  question  to  be  decided  in  this  matter 
was,  whether  a  tube  of  iron  could  be  made  to  bear  itself 
when  suspended  on  two  points,  and  also  carry  a  railway 
train.  The  success  of  the  experiment  seemed  to  depend  on 
this  fact ;  and,  from  the  tests  which  had  been  made  by  Mr. 
Eaton  Hodgkinson,  as  to  whether  a  tube  or  mass  of  iron,  set 
edgeways,  or  in  any  other  form,  stretching  to  a  considerable 
distance,  would  have  the  same  relative  power  of  support  with 
a  smaller  piece  of  iron,  it  had  been  ascertained  that  the  frames 
of  iron  were  arithmetically  proportional  to  their  relative  di- 
mensions.    Having  thus  tested  the  capabilities  of  the  iron. 
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it  was  proved  that  there  would  be  do  difficulty  or  essential 
hinderance  to  having  a  tunnel  stretched  from  Calais  to  Dover. 

The  next  subject  alluded  to  was  Professor  Schonb^in's 
invention  of  Explosive  Cotton,  which,  though  not  in  the 
nature  of  powder,  yet  appeared  to  possess  all  its  properties. 
Explosive  cotton  has  formed  the  subject  of  an  interesting 
lecture  by  Professor  Grove,  which  was  read  at  Southampton, 
and  which  also  contained  a  history  of  gunpowder.  Substances, 
he  said,  of  the  same  explosive  nature  as  gunpowder,  were 
known  in  China  in  very  remote  ages.  Mention  was  made 
in  works  in  the  Chinese  language,  and  also  in  works  in  the 
Arabic  tongue,  of  ancient  date,  of  substances  of  an  explosive 
nature  resembling  gunpowder — many  centuries,  indeed,  before 
it  was  known  in  Europe,  which  was  about  the  middle  of  the 
fourteenth  century.  A  Hindoo  lawgiver  also  mentioned  some- 
thing approximating  to  fire-arms ;  but  the  Hindoos  appeared 
to  have  confined  this  invention  to  their  own  country,  till  after 
gunpowder  had  been  used  in  Europe  many  years.  Gun- 
powder was  composed  by  combining  combustible  substances 
with  a  substance  that  supplies  abundance  of  oxygen  for  the 
support  of  combustion.  This  was  formed  in  a  vast  variety 
of  ways.  Gunpowder  might  be  produced  from  powdered 
zinc,  which,  being  combined  with  nitre,  would  form  a  very 
powerful  kind  of  gunpowder.  Iron  filings  might  be  so  con- 
verted as  to  form  the  same  explosive  substance.  Nitre,  it 
appeared,  was  an  essential  element  in  the  explosive  substances 
used  by  the  Chinese,  and  also  in  the  celebrated  Greek  fire 
used  in  the  wars  between  Greece  and  Rome.  The  gun 
cotton  of  Professor  Schonbein  was  like  our  common  cotton ; 
and  the  portion  exhibited  at  Southampton  was  glossy,  fuzzy, 
and  flocky. 

The  principal  advantages  of  the  explosive  cotton  over 
gunpowder  are,  that  it  is  produced  at  one-half  the  expense ; 
less  smoke  is  evolved ;  it  leaves  but  little,  if  any,  residuum ; 
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can  be  used  after  wetting ;  and  the  noise  is  also  considerably 
less.  The  preparations  were  nitrate  and  sulphuric  acid.  Dr. 
Scoresby  said  that  the  cotton  might  ultimately  be  applied 
instead  of  steam  to  machinery,  inasmuch  as  one  difficulty 
would  be  obviated,  namely,  the  corrosion  of  the  cylinder  into 
which  gunpowder  was  made  to  act 

The  Rev.  Doctor  concluded  by  remarks  on  Faurelle's  plan 
of  making  bore-holes  for  minerals  and  Artesian  wells  for 
water.  At  Perpignan,  M.  Fauvelle  had  bored  by  his  mode 
a  depth  of  560  feet  in  fourteen  working  days  of  ten  hours 
each ;  and  this  he  did  beside  a  place  where  the  attempt  had 
been  made  by  the  ordinary  mode  during  eleven  months  in 
vain.  M.  Fauvelle  had  not  tried  to  get  through  any  extra- 
ordinary obstruction ;  but  if  he  met  with  one,  he  took  up  his 
apparatus  and  tried  elsewhere.  An  Artesian  well  had  been 
tried  at  Southampton,  where,  by  the  old  mode,  a  depth  of 
1200  feet  had  been  obtained  at  a  cost  of  £20,000,  or  nearly 
£16  per  foot ;  whereas  by  M.  Fauvelle's  system,  four  feet  might 
be  penetrated  in  an  hour.  Dr.  Scoresby  proceeded  to  notice 
the  Chinese  mode  of  boring,  and  recommended  as  an  addition 
to  it  a  plan  something  like  that  of  the  patent  corkscrew.  He 
anticipated  from  these  operations  a  great  improvement  in  the 
processes  of  boring,  which  would  be  a  very  great  advantage 
to  a  mining  country  like  ours. 


Wm.  Sykbs  Ward,  Esq.,  of  Leeds,  said  with  regard  to 
the  first  subject  mentioned  by  Dr.  Scoresby,  platina  was 
almost  the  only  substance  that  would  bear  sufficient  heat 
to  resolve  water  into  its  elements.  He  regretted  that  the 
secret  of  the  gun  cotton  had  come  out  prematurely;  and 
the  exhibition  of  it  at  the  British  Association,  and  the 
statement  of  the  fact  that  it  was  cotton,  had  no  doubt  con- 
duced to  this.  Six  English  chemists,  he  believed,  discovered 
it  almost  simultaneously,  but  kept  it  secret,  that  they  might 
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not  injure  Schonbein*  He  (W.  S.  Ward)  had  prepared  gun 
cotton  by  soaldng  fine  cotton  in  an  equal  mixture  of  sul- 
phuric and  nitric  acid.  The  acid  was  then  washed  out  of 
the  cotton  with  water,  and  it  was  dried;  but  this  should  be 
done  at  some  distance,  for  at  three  or  four  feet  from  the  fire 
a  quantity  exploded  in  his  hand,  though  it  did  not  bum.  He 
thought  the  preparation  of  it  must  be  expensire,  for  it  re- 
quired a  liquid  ounce  of  each  acid  to  prepare  one  ounce  of 
the  cotton.  Four  grains  of  the  cotton  sent  a  pistol  ball 
through  an  inch  board  and  flattened  it  It  required  eight 
grains  of  gunpowder  to  do  the  same.  In  each  case  the  noise 
of  explosion  was  about  the  same,  though  that  of  the  cotton 
was  rather  more  like  the  crack  of  a  whip.  In  mining,  the 
cotton  would  be  very  useful ;  for  the  effect  of  the  shot  might 
be  ascertained  at  once,  whereas  it  was  necessary  to  wait  three 
quarters  of  an  hour  to  allow  the  smoke  of  powder  to  disperse. 
He  doubted  the  applicability  of  the  cotton  to  machinery, 
because  the  explosion  was  so  transient  It  opened,  however, 
an  interesting  inquiry  as  to  the  effect  of  these  acids  on  vege- 
tables. He  understood  that  sawdust  might  be  applied  in  the 
aame  way.  He  thought  there  would  be  great  difficulty  in 
the  use  of  this  cotton  in  artillery;  for  percussion  would  cause 
the  cotton  to  explode,  and  it  therefore  might  be  exploded  by 
the  firiction  or  shock  of  heavy  cannon  balls. 


The  Rev.  W.  Thorp  then  made  some  remarks  on  the 
boring  of  Artesian  wells,  in  which  Mr.  W.  S.  Ward  joined, 
observing  that  the  system  was  admirable  as  regarded  bore- 
holes which  were  dry,  but  that  when  there  was  water  in  the 
bore,  as  was  generally  the  case  in  this  district,  little  advan- 
tage could  be  expected  from  the  introduction  of  Fauvelle's 
method,  or  of  the  Chinese  or  percussive  system. 
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R.  Solly,  Esq.,  then  proceeded  to  read  the  fbUowiog 
Paper  on  a  subject  to  which  his  attention  had  been  directed 
while  in  South  America,  namely, — 

ON  THE  TRANSMISSION  OF  BARTHQUAKB  SHOCKS  BBNEATU 
GBBAT  MOUNTAIN  RANGES.  BT  RICHARD  SOLLT,  ESQ., 
VICE-PRESIDENT  OF  THE  SHEFFIELD  LITERARY  AKD 
PHILOSOPHICAL   SOCIETY. 

No  class  of  phenomena  can  possess  greater  interest  than 
Earthquakes  to  the  Geologist,  or,  indeed,  I  may  say,  to  any 
inhabitant  of  this  globe,  if  modem  philosophers  are  correct 
in  supposing  them  to  be  the  manifestations  of  that  force  by 
which  various  portions  of  the  earth's  crust  are  alternately 
and  successively  raised  above  the  level  of  the  ocean,  and 
again  depressed  beneath  its  waters ;  changes  by  which  it  has 
been  by  degrees  rendered  suitable  for  the  habitation  of  man. 
"  To  these  convulsions,"  says  Mr.  Lyell,  "the  present  fertility 
of  some  districts,  the  sterile  character  of  others,  the  elevation 
of  land  above  the  sea,  the  climate,  and  various  peculiarities^ 
may  be  distinctly  referred."  Any  contribution,  therefore^ 
however  trifling,  to  our  knowledge  of  these  phenomena,  can- 
not be  wholly  devoid  of  interest,  which  consideration  has 
encouraged  me  to  read  the  following  observations  before  this 
Society. 

The  great  Valparaiso  Earthquake  of  the  19th  November, 
1822,  was  felt  along  the  coast  of  the  Pacific  as  far  as  Lima 
to  the  North,  and  as  Concepcion  to  the  South,  a  distance  of 
about  1,400  miles;  and  to  the  East  beyond  the  Andes  as  far 
as  Mendoza  and  St.  Juan,  a  distance  of  from  300  to  400 
miles.  The  coast  was  raised  in  some  parts  from  three  to 
four  feet  above  its  previous  level  for  many  miles  consecutively, 
exposing  rocks  covered  with  shell  fish,  whose  putrefaction 
infected  the  atmosphere.   Mr.  Miers  says  that  ^^  the  governor's 


Digitized 


by  Google 


345 

house  at  Valparaiso,  the  two  castles,  and  the  churches,  were 
all  shivered  to  pieces.  *  *  *  No  bombardment  could  have 
produced  such  complete  ruin  as  the  earthquake  effected.'' 
Mrs.  Maria  Graham  states  that  the  granite  rocks  on  the 
promontory  of  Quintero  were  rent  by  sharp  clefts,  some  of 
the  larger  of  which  were  a  mile  and  a  half  in  length.  I 
passed  some  months  at  Valparaiso  in  the  year  1828,  six 
years  therefore  after  the  earthquake,  and  heard  these  par- 
ticulars confirmed  by  many  eye-witnesses.  That  same  year 
I  crossed  the  Andes  to  Mendoza  by  the  Aconcagua  and 
Uspallata  pass,  and  I  was  greatly  surprised  at  the  position 
of  an  immense  mass  of  rock  called  the  ^<  Penon  rajado,"  or 
*<  Piedra  partida,"  the  split  stone,  situated  about  half  way 
between  the  Cumbre  and  the  plain  of  Uspallata,  and  7,300 
feet  above  the  level  of  the  sea.  It  had  evidently  fallen  at 
some  former  period  from  the  cliffs  above,  and  had  split  into 
two  large  pieces  and  several  smaller  fragments,  as  may  be 
seen  by  a  sketch  which  I  made  on  the  spot  The  equilibrium 
of  both  of  the  larger  fragments  appeared  so  precarious,  that 
notwithstanding  the  extreme  heat  of  the  sun's  noon  rays,  one 
of  my  travelling  companions  was  afraid  to  repose  under  their 
shade,  convinced,  as  he  said,  *^  that  the  slightest  shock  of  an 
earthquake  would  overthrow  the  enormous  mass,  and  crush 
us  to  atoms."  Nevertheless  our  capitaz,  or  head  muleteer, 
Pedro  Aransivia,  assured  us  that  these  nicely-balanced  rocks 
had  not  changed  their  position  in  his  time,  nor  in  that  of  his 
father  before  him ;  and  that  they  were  associated  with  some 
traditions  of  the  ancient  Incas.  I  concluded  from  this  cir- 
cumstance that  the  great  Valparaiso  Earthquake  had  reached 
Mendoza  and  St  Juan,  a  hundred  miles  further,  by  passing 
under  the  great  mass  of  the  Andes.  A  strong  confirmation 
of  this  opinion  was  afforded  by  an  intimate  friend  of  mine, 
who  happened  to  be  in  the  midst  of  these  same  mountains 
during  the  great  Concepcion  Earthquake  of  the  20th  Feb- 
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ruary,  1835,  but  who  assured  me  that  he  was  not  aware  of 
there  having  been  any  earthquake  until  his  arrival  at  Mendo2a, 
where  it  had  been  felt,  and  he  then  heard  of  it.  Nevertheleas 
this  earthquake  was  one  of  the  most  violent  upon  record. 
Mr.  Darwin,  who  was  with  the  Beagle  on  the  coast  of  Con- 
cepcion  at  that  time,  says,  <<  the  effect  of  the  vibration  on  the 
hard  primary  slate  which  composes  the  foundation  of  the 
island  (of  Quiriquina,  Concepcion  Bay)  was  still  more 
curious:  the  superficial  parts  of  some  narrow  ridges  were 
as  completely  shivered  as  if  they  had  been  blasted  by  gun- 
powder," 

The  above-mentioned  circumstances,  together  with  having 
myself  personally  experienced  several  severe  earthquakes, 
naturally  attracted  my  attention  to  the  subject,  and  I  have 
for  some  years  been  in  the  habit  of  reading  whatever  related 
thereunto,  whether  in  works  on  Geology  or  in  newspapers ; 
and  two  years  since,  while  preparing  two  papers  for  the 
Sheffield  Literary  and  Philosophical  Society,  I  carefully 
examined  every  book  to  which  I  could  obtain  access  on 
earthquakes  and  volcanoes,  but,  with  the  exception  of  Baron 
Humboldt,  I  was  not  able  to  discover  that  any  Geologist  had 
noticed  the  singular  fact  of  earthquakes  having  been  felt  at 
considerable  distances,  while  portions  of  intermediaie  ground 
remained  unaffected.  That  illustrious  traveller  mentions  the 
above  fact  in  his  Personal  Narrative;  and  in  his  Cosmos 
(Translation  28th  June,  1845,  by  J.  P.  T.,  pages  221  and 
222)  are  the  following  expressions : — ^^  Could  we  have  daily 
news  of  the  state  of  the  whole  of  the  earth's  surface,  we 
should,  in  all  probability,  become  convinced  that  some  point 
or  other  of  this  surface  is  ceaselessly  shaken ;  that  there  is 
uninterrupted  reaction  of  the  interior  upon  the  exterior  going 
on."  *  *  ^^  It  is  not  the  chemical  nature  of  the  constituents, 
but  the  mechanical  structure  of  the  mineral  species,  that 
modifies  the  propagation  of  the  motion,  the  wave  of  succus- 
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sion.  Where  the  wave  proceeds  regularly  along  a  coast,  or 
by  the  foot  and  in  the  direction  of  a  mountain  chain,  it  is 
occasionally  observed  that  there  is  an  interruption  suffered  at 
certain  points.  This  has  been  noticed  for  centuries.  The 
undalation  advances  along  the  depths,  but  at  the  points  in 
question  it  is  never  felt  at  the  surface.  The  Peruvians  say 
of  these  unshaken  superior  strata  <  that  they  form  a  bridge.' " 
In  the  note  No.  159  to  the  same  work  it  is  said,^— ^^  With 
this  phenomenon  of  non-transmission  through  superior  strata 
is  connected  the  remarkable  fact,  that  in  the  beginning  of 
the  present  century  shocks  of  an  earthquake  were  felt  in  the 
deep  silver  mines  of  Marienberg,  in  the  Saxon  Erzgebirge, 
which  were  not  perceived  at  all  on  the  surface.  The  miners 
rushed  up  in  alarm.  Contrariwise,  the  people  at  work  in  the 
mines  of  Falun  and  Persberg  felt  nothing  of  the  smart  shocks 
(November,  1823,)  which  threw  all  the  inhabitants  above 
ground  into  a  state  of  great  alarm." 

The  celebrated  traveller  whom  I  have  just  quoted  thus 
bears  unequivocal  testimony  to  the  fact  that  earthquakes 
sometimes  leave  portions  of  ground  unaffected  in  their 
course;  but  he  states  that  <^the  mechanical  structure  of 
the  mineral  species  modifies  the  propagation  of  the  mojion, 
Ae  wave  of  succussion."  This  assertion  may  probably  be 
correct,  but  it  affords  no  explanation  of  the  fact  that  similar 
(and  the  same)  formations  of  country  and  like  rocks  are,  at 
different  times,  affected  by  earthquakes  in  the  most  dissimilar 
manner.  Vast  mountain  ranges,  composed  of  igneous  and 
primitive  rocks,  sometimes  appear  to  escape  all  effects  from 
the  wave  of  motion ;  at  other  times  the  same  mountains  are 
diaken  and  shattered  to  such  an  extent  as  to  change  the 
whole  face  of  the  country.  Many  recent  well-authenticated 
instances  of  this  have  occurred, — as  that  related  by  the  late 
Sir  Al&utnder  Burnes,  at  Lahore,  in  February,  1882,  when 
several  valleys  were  choked  up  by  the  masses  of  rock  thrown 
down.     The  shock  of  the  20th  June,  1840,  in  the  district  of 
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Mount  Ararat,  affected  equally  the  summits  of  mountains  and 
the  bottoms  of  valleys.  I  myself  have  witnessed  extreme 
dislocations  during  earthquakes  in  the  more  northern  Peru- 
vian portions  of  the  same  chain  of  South  American  mountains, 
the  Cordillera  of  the  Andes,  to  which  I  have  already  re- 
ferred as  unaffected  in  1822  and  1835  by  the  most  violent 
littoral  shocks,  dislocations  by  which  the  loftiest  peaks  have 
been  overthrown,  and  the  whole  outline  of  the  mountains 
altered. 

It  seems  to  me,  therefore,  impossible  to  maintain  that  the 
propagation  of  the  motion  is  regulated  by  or  dependent  on 
<<  the  mechanical  structure  of  the  mineral  species,"  although 
it  may  sometimes  be  modified  thereby. 

The  conviction  which  has  forced  itself  on  my  mind  by  the 
examination  of  all  the  evidence  which  I  have  been  able  to 
collect  on  this  subject  is,  that  the  motion  of  earthquakes  is 
transmitted  in  two  ways,  generally  more  or  less  simultaneous, 
but  different  in  their  effects,  namely,  by  the  undulations  of 
subterraneous  liquids  or  fluids,  and  by  the  vibration  of  the 
earth's  superficial  crust. 

Mr.  David  Milne  has  excellently  pointed  out  that  most  of 
the  English  and  Scotch  earthquakes,  being  confined  to  mere 
patches  of  the  earth's  surface,  must  be  due  to  the  latter; 
and,  on  the  other  hand.  Professor  Phillips  remarks  that 
rocks,  being  very  imperfectly  elastic,  owing  to  the  numerous 
divisions  which  intersect  them,  cannot  be  supposed  capable 
of  transmitting  vibration  to  any  very  considerable  distance. 
To  the  subterranean  undulations  we  might,  then,  attribute  the 
extent  of  very  extensive  earthquakes,  such  as  that  of  Lisbon 
on  the  1st  November,  1755,  which  has  been  calculated  to  have 
shaken  near  one-twelfth  of  the  whole  surface  of  the  globe ; 
also  the  motion  which,  passing  under  without  shaking  the 
Andes,  has  extended  from  thd  shores  of  the  Pacific  to 
Mendoza  and  St  Juan.  If  the  interior  of  the  globe  be  an 
intensely  heated  liquid  or  fluid  substance,  we  can  readily 
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imagine  that  a  subterraneous  undulation  might  pass  under 
an  enormous  mass  of  mountains  such  as  the  Chilian  Andes 
(from  1 1,000  to  23,000  feet  high),  which  would  ride  unshaken, 
while  lower  ground  on  both  sides  suffered ;  just  as  we  see 
a  ship  of  the  line  floating  apparently  motionless  amidst  the 
wares  which  agitate  the  little  boats  at  its  side. 

To  the  superficial  vibration  may  be  attributed  the  fall  of 
the  mountain  peaks  in  Asia  and  in  Peru,  the  shivered  rocks 
at  Quintero  and  Quiriquina,  and  those  strange  rotary  motions 
referred  to  by  Mrs.  Graham,  by  Capt  Fitzroy,  and  by  Mr. 
Darwin,  and  of  which  I  have  seen  remarkable  instances  at 
Tacna  in  Peru,  and  at  Lima.  In  the  latter  case,  the  upper 
stone  of  a  lofty  obelisk  was  turned  half  round  in  1828,  in 
a  manner  precisely  similar  to  that  in  Calabria,  of  which  Mr. 
Lyell  has  given  a  drawing  in  his  Principles  of  Geology. 

The  great  extent  of  land  and  ocean  throughout  which 
volcanic  and  subterraneous  agencies  have  been  simultaneously 
manifested,  has  compelled  all  philosophers  who  have  witnessed 
them  to  admit  the  existence  at  least  of  vast  lakes  of  melted 
rock  and  lava  under  ground,  extending  to  some  hundred 
thousand  of  square  miles.  Baron  Humboldt  is  of  this  opinion, 
from  the  observations  he  made  in  North  and  South  America; 
and  Mr.  Darwin,  who  experienced  the  great  Concepcion 
Earthquake  of  1835,  makes  the  following  remarks  in  his 
journal, — "  From  several  considerations  which  I  have  not 
space  here  to  enter  on,  and  especially  from  the  number 
of  intermediate  points  whence  liquified  matter  was  ejected^ 
we  can  scarcely  avoid  the  conclusion,  however  fearful  it  may 
be>  that  a  vast  lake  of  melted  matter,  of  an  area  nearly 
doubling  in  extent  that  of  the  Black  Sea,  is  spread  out 
beneath  a  mere  crust  of  solid  land." 

The  astonishing  distances  at  which  earthquakes  have  been 
felt  from  the  focus  of  greatest  intensity  are  difficult  of  ex- 
planation on  any  other  supposition  than  that  of  internal 
fluidity;  but  this  is  a  question  which  involves  so  great  a 
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variety  of  considerations,  that  I  must  not  trespass  now  on 
the  time  of  this  meeting  by  further  remarks  on  the  subject. 

The  question  has  frequently  occurred  to  me  whether  the 
vibrations,  repeated  during  a  long  series  of  ages,  which 
(according  to  Mr.  Darwin)  may  be  supposed  to  accompany 
the  elevation  of  a  mountain  chain,  may  not  have  produced 
considerable  changes,  all  tending  to  crystalline  forms  in  the 
molecular  constitution  of  some  of  the  basaltic  and  metamor* 
phic  rocks.  It  is  now  an  admitted  fact  that  malleable  iron, 
and  other  metals  in  a  fibrous  state,  assume  the  crystalline 
under  the  influence  of  vibration,  and  without  the  agency  of 
heat  My  friend,  Mr.  William  Lucas,  has  made  valuable 
expei^iments  on  these  changes  in  metals ;  and  I  could  also 
have  wbhed  to  offer  a  few  remarks  on  two  very  interesting 
papers  by  Mr.  Robert  Mallet,  in  the  3rd  vol.  of  the  Journal 
of  the  Geological  Society  of  Dublin,  Part  I.,  No.  2,  and 
Part  III.,  No,  2,  but  I  fear  that  my  present  paper  is  already 
too  long.  I  shall,  therefore,  only  add  how  entirely  I  concur 
in  the  valuable  suggestion  of  Mr.  Mallet, — *<  that  all  the ' 
Observatories  in  connection  with  the  magnetic  survey  should, 
in  addition  to  their  magnetic  observations,  record  observa- 
tions as  to  the  occurrence  of  earthquake  shocks.'' 


Jambs  Tatbs,  Esq.,  F.R.S.,  remarked  on  the  interesting 
character  of  Mr.  Solly's  paper,  and  particularly  the  fact  which 
he  had  stated  of  the  raising  of  the  coast  of  Lima  by  an 
earthquake  some  years  ago ;  a  fact  which  was  recorded  by 
Mrs.  Maria  Graham,  and  had  been  greatly  disputed. 

Earl  FiTzwiLLiAM  in  a  few  remarks  corroborated  the 
observations  of  Mr.  Tates,  as  to  the  value  as  well  as 
interesting  nature  of  the  paper  just  read. 

It  was  then  arranged  that  the  remaining  business  should 
be  adjourned  to  the  Evening  Meeting,  and  after  a  vote  of 
thanks  to  Earl  Fitzwilliam,  moved  by  Dr.  Scoresby  and 
seconded  by  Mr.  Yates,  the  Meeting  adjourned. 
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The  Evening  Meeting  was  held  in  the  same  place.  In 
the  absence  of  the  Noble  President,  William  Wbst,  Esq., 
F.R.S.,  V.P.,  was,  on  the  motion  of  the  Rev.  W.  Thorp, 
unanimously  called  to  the  Chair. 

The  Chairman,  in  opening  the  business  said,  for  the 
kindness — the  undeserved  kindness — of  the  Geological  and 
Polytechnic  Society  of  the  West  Riding  of  Yorkshire,  in 
having  placed  him  a  few  years  ago  on  the  list  of  officers,  as 
one  of  their  Vice-Presidents,  he  felt  it  his  duty,  when  called 
upon,  to  avoid  making  any  demur  to  the  proposition  of  the 
Secretary.  The  first  paper  to  be  proceeded  with  was  one  by 
James  Haywood,  Esq. ;  but,  owing  to  indisposition,  he  was 
unable  to  attend.  The  paper,  however,  had  been  committed 
to  Mr.  Lucas  for  the  purpose  of  being  presented  to  the  Meeting. 

Mr.  Lucas  said  he  regretted  the  absence  of  the  Author 
of  the  paper,  inasmuch  as  the  Meeting  would  be  deprived  of 
that  part  which  he  would  undoubtedly  hiave  taken  in  the 
discussion  which  would  follow.  As  regarded  himself,  he  was 
somewhat  ignorant  of  the  subject,  and  could  not,  therefore, 
afford  ihem  any  further  edification  than  what  they  would 
derive  from  the  reading  of  the  paper.  He  then  proceeded 
to  read  the  following : — 

ON  THE  CLOVER  SICKNESS  OF  CERTAIN  SOILS:  BEING  AN 
ANALYTICAL  INVESTIGATION  INTO  THE  CAUSES  PRO- 
DUCING THE  FAILURE  OF  THE  RED  CLOVER  CROP, 
WITH  SUGGESTIONS  FOR  ITS  PREVENTION.  BY  JAMES 
HAYWOOD,    ESQ.,    SHEFFIELD. 

Agreeably  to  the  request  of  the  members  of  the  Blyth 
Farmers'  Club,  at  a  meeting  held  on  the  5th  of  June  last,  I 
undertook  certain  experiments  and  investigations  on  the  soils 
furnished  to  me  by  Mr.  Beavor,  of  Bamby  Moor,  with  refer- 
ence to  the  cause  of  the  failure  of  the  red  clover  crop.  I 
submitted  these  soils  to  a  minute  chemical  analysis,  so  as  to 

c  c 
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ascertain  aeciarately  the  constituents  of  each.  I  exposed  them 
to  the  action  of  the  atmosphere,  to  ascertain  the  amount  of 
disintegration ;  and  with  a  careful  analysis  of  the  red  clorer 
plant  itself,  I  trust  I  am  now  in  a  position  to  point  out  to  you 
the  true  cause  of  this  hitherto  mysterious  failure. 

You  are  fully  aware  that  all  plants  are  composed  of  ele- 
mentary substances  arranged  in  yarious  ways,  so  as  to  form 
their  leaves,  stems,  and  juices, — what  these  elements  are, 
and  how  much  is  contained  in  a  given  weight  of  produce,  we 
can  easily  ascertain  by  chemical  analysis ;  and  as  we  know 
positively  that  plants  have  not  the  power  of  creating  one  of 
these  elements  themselves,  they  must  be  derived  from  the 
media  in  which  they  live,  namely,  the  air  and  the  soiL  This 
air  and  soil,  then,  must  contain  all  the  constituents  we  find 
in  plants,  in  such  a  form  as  they  can  easily  absorb  them  by 
their  roots,  otherwise  they  can  never  come  to  perfection ;  for 
observation  and  experiment  have  taught  us,  that  the  absence 
of  any  one  of  the  constituents  of  plants  precludes  the  possi- 
bility of  their  so  doing. 

The  analysis  of  a  fine  healthy  red  clover  plant,  dried  in 
the  air,  and  in  the  ordinary  state  of  clover  hay,  gave  me,  in 
100.000  parts— 

per  cwU    lbs.  per  ton. 
lbs.      oz. 
'Carbon  1  1      Volatile 

Hydrogen  ...  > 95.231  ...2133     3  I  constituenU. 

Oxygen  ....  J  |       lbs.     oz. 

Nitrogen    2.946..-.     66    oj      2199    3 

•Phosphorus 159 3    9' 

Sulphur   107 2    5 

Lime    621 14     0     Fixediogre- 

Magnesia 071 1     9       dients     or 

Iron  &  Manganese  .002 1  \  ashes. 

Potash 580 13     0         lbs.  oz. 

Soda    201 4     8         40  12 

Chlorine 082 1   13 

.Silica    Trace. 


Derived 

principally 

from  the  air. 


Derived  en- 
tirely from  -{ 
the  soil. 


100.000     2239  15 
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The  volatile  elements  derived  from  the  air  are  of  such 
little  importance  in  this  investigation,  that  I  have  not  thought 
it  necessary  to  separate  them,  as  they  are  well  known  to  be 
contained  in  the  air  in  sufficient  quantity  to  meet  all  present 
demands ;  the  fixed  ingredients,  however,  have  been  minutely 
ascertained  by  a  new  process,  which  insures  some  degree  of 
accuracy.  Instead  of  burning  the  substance,  as  is  usually 
done,  I  had  recourse  to  nitric  acid  as  an  oxidizing  agent,  and 
by  this  means  discovered  much  more  sulphur  and  phosphorous 
than  this  plant  is  usually  stated  to  contain ;  this  sulphur  and 
phosphorous  exists  in  combination  with  the  nutritive  com- 
pounds of  plants,  and  its  quantity  can  never  be  ascertained 
by  burning.  It  will  be  seen  that  one  ton  of  dry  clover  con- 
tains 3  lbs.  9  oz.  of  phosphorous,  which  is  equal  to  8  lbs.  of 
phosphoric  acid,  or  about  16  lbs.  of  phosphate  of  lime,  and, 
as  each  acre  will  generally  produce  about  two  tons,  32  lbs.  of 
phosphate  of  lime  would  be  extracted  from  the  soil  by  each 
acre  of  clover.  Now  it  will  be  seen  from  the  analysis  of  the 
soils,  both  where  the  clover  failed  and  where  it  came  to 
perfection,  that  a  much  larger  quantity  of  phosphates  are 
contained  in  them  than  this  crop  requires, — Whence,  if  these 
phosphates  can  be  rendered  soluble,  the  failure  of  the  red 
clover  crop  cannot  be  owing  to  an  imperfect  supply  of  them. 
Now  it  is  a  well-known  fact  that  phosphate  of  lime  is  readily 
dissolved  by  water  containing  carbonic  acid  gas,  providing  it 
is  minutely  divided ;  now  the  phosphates  existing  here  are  in 
this  state,  and,  consequently,  can  readily  be  dissolved  by  the 
rain  water,  and  absorbed  by  the  roots  of  plants ;  moreover 
the  soil  where  the  clover  failed  contains  quite  as  much  phos- 
phate as  that  where  it  came  to  perfection,  and,  as  both  were 
placed  under  similar  circumstances,  we  may  safely  conclude 
that  the  phosphates  have  nothing  to  do  with  the  failure  of 
the  red  clover  crop. 

The  next  element,  sulphur,  has  always  been,  since  the  time 
c  c  2 
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of  Sir  H.  Davy,  the  one  on  which  all  the  praise  or  blame 
has  been  bestowed  for  the  success  or  failure  of  the  red  clover 
crop.  This  eminent  chemist  found  considerable  quantities 
of  gypsum .  (a  compound  of  sulphur)  in  the  ashes  of  this 
plant,  and  very  justly  concluded  that  it  would  be  a  valuable 
compound  to  add  to  the  soil  producing  it.  At  that  time, 
however,  so  little  was  known  of  the  origin  of  the  elementary 
constituents  of  plants,  that  a  creative  power  was  usually 
assigned  to  them,  and  the  fact  of  their  elements  being  derived 
from  the  soil  was  not  at  all  understood.  So  great,  however, 
became  the  rage  for  the  use  of  gypsum,  and  valuable  the 
effects  produced  from  it  in  some  instances,  that  it  was  soon 
lauded  through  the  country  as  an  universal  specific.  This, 
however,  like  the  lightning  cultivation,  was  soon  found  to  be 
an  illusion ;  and  it  turned  out  that  in  some  instances  only  it 
was  beneficial,  while  in  others  it  failed.  The  true  use  of 
gypsum  is  that  of  furnishing  sulphur  to  plants,  and  m  pre- 
venting the  ammonia,  which  is  generated  in  the  soil,  or  which 
is  brought  down  by  the  rains,  again  escaping  into  the  air  by 
evaporation.  If  the  soil  contains  a  sufficient  quantity  of  this 
gypsum,  both  these  will  be  accomplished  without  any  further 
addition,^t  would  of  course  be  useless  to  add  more.  If,  on 
the  contrary,  there  should  be  a  deficiency,  we  should  lose 
considerable  quantities  of  ammonia,  a  large  quantity  of  which 
the  clover  plant  requires,  and  we  should  not  supply  it  with  a 
necessary  quantity  of  sulphur.  In  this  case  gypsum  would 
be  of  service,  and,  providing  all  the  other  elements  were 
duly  supplied,  might  entirely  prevent  the  fiedlure  of  the  crop. 
It  will  be  seen  that  one  ton  of  clover  contains  2  lbs.  5  oz.  of 
sulphur,  which  is  contained  in  about  12 lbs.  of  gypsum; 
2  tons,  therefore,  growing  on  an  acre,  would  require  only 
24  lbs.  of  raw  gypsum,  a  quantity  which  all  ordinary  soils 
contain.  It  is  true  the  soils  subjected  to  analysis  contain 
unequal  quantities  of  gypsum;  the  one  where  the  clover  plant 
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failed  coDtains  only  half  the  quantity  we  find  in  the  other ; 
this  email  quantity,  however,  amounts  to  more  than  56  lbs. 
per  acre,  which  is  more  than  double  the  amount  required  for 
a  crop  of  clover.  The  reason  we  always  find  so  small  a 
quantity  in  the  surface  soil  arises  from  its  solubility  in  water; 
portions  are  carried  down  by  every  shower,  and  fresh  portions 
are  brought  up,  dissolved  in  water,  from  below,  by  capillary 
attraction  during  summer ;  this  quantity,  therefore,  would  be 
consideraUy  increased  in  dry  weather,  and  would  at  all  times, 
except  in  very  wet  seasons,  be  amply  sufficient  to  supply 
plants  with  the  requisite  amount  of  sulphur.  There  are  other 
&cts,  also,  of  a  much  more  conclusive  character,  which  prove 
beyond  doubt  the  fallacy  of  the  statement  that  a  deficiency 
of  gypsum  is  the  cause  of  the  failure  of  the  red  clover  crop. 
There  are  other  plants  which  flourish  on  the  same  land,  and 
at  the  same  time  that  red  clover  dies,  and  which  contain  cojV' 
siderably  more  sulphur  than  it  I  would  instance  Italian  rye 
grass,  which  analysis  shows  to  contain  .320  of  sulphur,  which 
is  equal  to  about  7  lbs.  of  sulphur,  or  38  lbs.  of  gypsum,  per 
ton ;  now  this  is  not  a  plant  which  dies  away  ad  red  clover 
does,  but  flourishes  at  the  very  time :  the  wild  mustard,  or 
ketlock,  too,  containing  nearly  double  this  quantity  of  sulphur, 
^ows  luxuriantly  on  most  soils  where  red  clover  fails.  Even 
white  clover  contains  more  sulphur  than  red^  and  is  not  liable 
to  die  away ;  we  may  consequently  conclude,  contrary  to  the 
old  opinion,  that  the  failure  of  the  crop  is  not  owing  to  a  de- 
fidency  of  gypsum,  for  if  such  was  the  case,  plants  requiring 
most  gypsum  would  certainly  die  first. 

Lime  and  magnesia  appear  to  answer  similar  purposes  in 
the  organism  of  plants,  and  may  probably  replace  each  other 
in  combination.  We  find  considerable  quantities  of  these 
earths  in  the  ashes  of  red  clover,  particularly  the  former, 
which,  during  the  burning,  is  converted  into  a  sulphate  and 
phosphate.     This  lime  may  either  be  taken  up  as  a  sulphate 
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or  phosphate,  as  named  above,  or  as  a  carbonate,  and  as  this 
carbonate  is  found  in  abundance  in  all  fertile  soils,  no  one 
could  ascribe  the  failure  of  the  red  clover  crop  to  this.  Ex- 
perience, however,  tells  us  that  the  application  of  lime  has 
an  important  influence  on  the  growth  and  development  of  the 
clover  plant,  whether  it  be  red  or  white,  and  this  on  soils 
where  analysis  shows  the  presence  of  considerable  quantities 
of  carbonate  of  lime;  the  lime,  then,  when  applied  in  a 
caustic  state,  must  exert  some  chemical  action  on  the  con- 
stituents of  the  soil,  and  thereby  act  beneficially  to  the  plant, 
for  it  would  shortly  become  a  carbonate  when  mixed  with 
the  soil,  and  consequently  only  increase  the  quantity  of  an 
ingredient  which  is  already  present  in  abundance.  The  soils 
I  have  submitted  to  analysis  contain  more  than  two  tons  of 
carbonate  of  lime  per  acre,  a  great  part  of  which  has  been 
added  to  them  artificially  in  the  shape  of  Derbyshire  lime ; 
this  would  probably  be  a  means  of  preventing  the  failure 
of  the  clover  crop  when  first  applied,  for  reasons  I  shall 
presently  assign.  Magnesia  is  contained  here  in  such 
minute  portions,  that  it  is  next  to  impossible  to  detect  it 
by  analysis;  and  although  it  would  probably  have  little 
influence  on  the  failure  or  success  of  the  clover,  yet  its 
absence  would  undoubtedly  be  a  source  of  injury  to  such 
plants  as  require  it  in  abundance.  The  deficiency  of  mag- 
nesia cannot  be  the  cause  of  failure  in  this  case,  as  the  soil 
where  the  clover  was  perfected  contained  no  more  than  that 
where  it  failed. 

Iron  and  manganese  are  contained  in  such  minute  propor- 
tions in  this  and  other  plants,  that  they  may  be  looked  upon 
rather  as  accidental  than  as  necessary  constituents.  I  shall 
not,  consequently,  take  any  account  of  them  in  this  essay ; 
we  shall,  however,  next  come  to  a  substance  which,  of  all 
others,  is  the  most  important  of  the  fixed  constituents  of 
plants,  namely,  potash. 
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This  potash  may  be  considered  as  one  of  the  most  exten- 
sively diffased  compounds  in  nature ;  it  is  found  in  all  rocks 
and  soils  where  a  patch  of  vegetable  life  can  exist — it  is  a 
substance  found  abundantly  in  the  juices  of  all  plants,  where 
it  exists  in  combination  with  vegetable  acids,  and  undoubtedly 
plays  an  important  part  in  the  formation  of  wood  and  vege- 
table productions  in  general.     This  potash  is  converted  prin- 
cipally into  a  carbonate  when  vegetables  are  burnt,  which 
carbonate  remains  in  the  ashes  mixed  with  the  other  fixed 
constituents ; — it  is,  in  fact,  from  the  wood  ashes  of  America 
and  Russia  that  our  large  demand  for  potash  is  supplied. 
Like  most  other  of  the  fixed  constituents  of  plants,  this  pot- 
ash was  originally  supposed  to  be  pecuHar  to  the  vegetable 
race,  and  was  hence  called  the  vegetable  alkali ; — it  was,  in 
fact,  supposed  to  be  an  element  of  their  own  creation,  and 
chemical  analysis  had  failed  to  detect  its  presence  in  soils. 
This  failure  arose  from  the  minute  portions  of  potash  which 
exist  in  soils  in  a  soluble  state^  and  the  impossibility  of  ren- 
dering that  soluble  which  existed  in  considerable  quantity,  by 
the  means  then  at  command.     This  potash  exists  in  all  rocks 
and  soils  in  combination  with  silica,  as  an  insoluble  glass 
which  requires  the  prolonged  action  of  carbonic  acid,  rains, 
and  other  natural  agencies  to  render  a  small  portion  of  it 
soluble ;  it  is  also  decomposed  and  rendered  soluble  by  the 
action  of  alkalies,  such  as  lime,  ammonia,  &c.,  an  instance 
of  the  latter  being  often  seen  on  the  glass  of  stable  windows. 
Now  you  are  fully  aware  that  all  substances  which  plants 
extract  from  the  soil  must  be  dissolved  in  water  before  they 
can  be  absorbed  by  their  roots,  hence  this  potash  must  become 
soluble  before  it  can  be  of  the  slightest  service  to  their  growth. 
The  time  required  to  convert  a  given  weight  of  this  potash 
into  a  soluble  state,  will  depend  entirely  on  the  quantity  ex- 
isting in  the  soil,  and  the  presence  of  the  above  agents  to 
efiect  its  decomposition — a  soil  containing  four  tons  of  pot- 
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ash,  combined  with  silica,  per  acre,  would  give  off  double  the 
quantity  of  soluble  potash  in  a  girea  time  to  one  containing 
only  two,  providing  the  amount  of  carbonic  acid,  lime,  or 
other  means  of  decomposition,  were  the  mme.  And,  agdn, 
unequal  quantities  of  potash  would  be  rendered  soluble  in 
soils  where  the  proportions  of  silicates  were  the  samey  pro- 
viding the  means  of  decomposition  differed:  we  might,  for 
instance,  in  a  soil  like  the  one  analysed,  render  double  the 
quantity  soluble  in  one  part  than  another,  by  supplying  it 
with  an  excess  of  carbonic  acid  or  lime.  The  only  means 
we  have  of  supplying  an  excess  of  carbonic  acid  is  by  the 
application  of  organic  matters  in  the  form  of  manure ;  the 
decay  of  such  matters  gives  rise  to  an  abundance  of  this  gas. 
Now  we  find  from  the  analysis  that  the  soil  where  the  red 
clover  died  contains  considerably  less  organic  matter  than  the 
one  where  it  came  to  perfection ;  hence  I  thought  it  possible 
that  much  less  potash  would  be  rendered  soluble  here  than  in 
the  latter  case,  and  I  took  the  following  steps  to  ascertain  if 
such  were  the  fact;  both  soils  and  subsoil  were  exposed  to 
the  atmosphere  in  fine  sieves  on  dishes  for  three  weeks,  during 
which  period  rain  fell  frequently,  but  no  liquid  was  allowed  to 
escape  from  them ;  they  were  then  dried  in  the  air,  and  the 
amount  of  soluble  matters  which  they  contained  carefully 
ascertained  by  analysis.  The  soil  where  the  clover  came  to 
perfection  gave  .1257  of  soluble  matters,  .0024  of  which  was 
potash ;  and  the  soU  where  it  failed  gave  only  .0372,  of  which 
only  .0008  parts  were  potash.  Here,  then,  is  an  evident 
difference  in  the  amount  of  disintegration,  to  an  extent  of 
(me  to  three;  and  surely  this  would  produce  some  effect  on  a 
plant  which,  like  the  red  clover,  requires  a  great  quantity  of 
potash  for  its  support*  I  would  not  entirely  attribute  this 
difference  of  disintegration  to  the  aid  of  organic  matter  pre- 
sent ;  the  size  of  the  particles  containing  the  potash  would 
have  an  important  effect  in  increasing  or  retarding  its  effects ; 
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this  has  been  observed  by  the  Rev.  W.  Thorp»  of  Womersley, 
who  attributed  the  failure  of  the  crop  to  the  lightness  of  the 
soil.  He  found  a  cubic  foot  of  soil,  taken  from  phices  where 
the  clover  failed,  always  weighed  less  than  one  taken  from 
places  where  it  came  to  maturity.  Now  I  imagine  this  differ- 
ence in  weight  would  be  owing  to  the  quantity  of  teely  divided 
matter  which  existed  between  the  coarse  particles ;  hence  we 
are  at  once  able  to  attribute  the  cause  of  the  failure,  not 
simply  to  the  mechanical  effect  of  lightness,  but  to  the  small 
quantity  of  potash  which  is  rendered  soluble  in  consequence 
of  the  size  of  the  particles.  If  this  be  the  true  cause  of 
the  failure,  we  can  then  understand  why  a  chemical  analysis 
shows  the  same  quantity  of  potash  in  soil  where  clover  fails 
as  where  it  succeeds,  for  without  a  mechanical  analysis,  with- 
out showing  the  quantity  of  those  minutely  divided  matters 
which  are  most  capable  of  disintegration,  it  would  be  entirely 
useless.  With  a  view,  therefore,  to  set  this  matter  at  rest, 
I  had  recourse  to  the  simple  method  of  mechanical  analysis 
recommended  by  the  late  Mr.  Bam.  I  separated  the  fine 
particles  from  the  coarse  sand  by  agitation  with  water.  In 
the  soil  where  the  clover  came  to  perfection  we  had  coarse 
sand,  78.6 ;  fine  ditto,  21.4.  The  soil  where  the  plant  died 
away,  coarse  sand,  81.6;  fine  ditto,  18.5;  in  this  case,  there- 
fore, we  have  a  quantity  of  fine  sand  sufficient  to  make  an 
appreciable  difference  on  the  amount  of  disintegration  in 
favour  of  the  succeeding  piece,  and  this,  with  the  additional 
means  of  effecting  its  decomposition,  will  certainly  account 
for  the  increase  of  soluble  potash. 

Now  let  us  inquire  what  quantity  of  potajsh  is  required  for 
the  development  of  the  clover  crop.  The  analysis  shows  that 
10,000  parts,  dried  in  the  air,  contain  58  parts  of  potash; 
hence  two  tons,  the  produce  of  one  acre,  would  require  about 
26  lbs.;  now  the  analysis  of  the  portion  where  the  plant  failed 
contained  less  than  this,  although  it  had  been  subjected  to 
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disintegration,  under  the  most  favourable  circumstances,  for 
three  weeks.  No  doubt,  at  the  time  the  clover  died  away, 
not  the  slightest  portion  of  soluble  potash  could  have  been 
detected,  for,  be  it  remembered,  that  during  the  heavy  rains 
of  winter  and  spring,  considerable  quantities  of  soluble  matters, 
potash,  &c*f#re  washed  down  beyond  the  reach  of  the  roots  of 
plants,  and  this,  together  with  the  portion  extracted  by  the 
plant  itself,  leaves  nothing  to  supply  its  future  demands ;  nor 
is  the  quantity  separated  by  disintegration  in  this  soil  sufficient 
to  do  so ;  for,  considering  the  state  of  the  ground  during  the 
growth  of  clover,  I  should  certainly  say  that  not  more  than 
2  lbs.  of  potash  would  be  liberated  per  week ;  consequently, 
only  20  lbs.  would  be  liberated  during  ten  weeks  the  clover 
plant  was  growing ;  hence  there  would  be  a  deficiency  of  at 
least  6  lbs.  for  the  crop. 

With  these  facts  and  considerations  before  me,  I  think  I 
am  justified  in  concluding  that  the  failure  of  the  red  clover 
crop  (particularly  its  disappearance  during  winter  and  spring) 
is  mainly  owing  to  a  want  of  soluble  potash  in  the  soil.  I 
am  particularly  borne  out  in  these  conclusions,  by  the  fact  of 
all  causes  which  tend  to  liberate  potash  from  its  combination 
with  silica,  having  the  eflPect  of  preventing  its  death;  and 
also  by  the  entire  success  of  the  red  clover  plant  in  soils 
where  potash  abounds.  Tou  all  observe  the  success  of  a 
wheat  crop  after  a  good  crop  of  clover,  now  this  proves  that 
much  silica  and  potash  has  been  liberated  during  its  growth, 
because  the  remaining  portion  of  the  former  which  the  clover 
does  not  require  at  all,  contributes  mainly  to  the  success  of 
the  wheat.  The  efiect  of  lime,  too,  in  preventing  the  failure 
of  clover,  has  often  been  observed,  and  this  is  undoubtedly 
owing  to  the  well-known  effect  of  lime  rendering  soluble  the 
potash  of  soils. 

With  regard  to  such  crops  as  turnips,  which  require  more 
potash  than  clover,  it  must  be  borne  in  mind  that  the  soil  is  in 
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a  yery  different  state :  large  quantities  of  manure  are  usually 
applied,  which  contains  much  potasH,  and  the  soil  is  constantly 
stirred  so  as  to  facilitate  the  decay  of  vegetable  matter,  and 
promote  dismtegration  of  the  silicates.  We  should  undoubt- 
edly have  much  more  potash  liberated  in  this  case,  than  we 
have  when  the  land  remains  at  rest,  as  it  does  during  the 
growth  of  clover ;  at  this  time  also,  be  it  remembered,  evapo- 
ration from  the  surface  goes  on  very  rapidly,  fresh  portions 
of  soluble  potash  can  be  brought  from  below,  and  none  wastes 
down  by  drainage. 

With  regard  to  the  other  alkali,  soda,  the  same  remarks 
may  be  applied  as  to  potash ;  it  exists  in  combination  with 
silica,  and  is  separate  in  a  soluble  state  by  the  action  of 
carbonic  acid  and  general  atmospheric  agencies ; — when  so 
separated,  it  is  absorbed  by  the  roots  of  plants,  and  applied 
to  various  purposes  in  their  organisms.  Jt  is  a  question 
whether  soda  may  not  replace  potash  in  many  of  its  combina- 
tions in  plants ;  indeed  analysis  proves  such  to  be  the  case, 
for  we  are  constantly  finding  these  two  substances,  (which 
are  exceedingly  similar  in  all  their  properties,)  differing  in 
their  proportions  to  each  other  in  the  same  variety  of  plant ; 
in  clover,  for  instance,  grown  on  soils  containing  much  soda 
and  less  potash,  we  find  the  ashes  of  the  clover  contain  less 
potash  and  more  soda  than  the  analysis  here  given ;  while  in 
soils  containing  much  potash  and  little  soda,  the  alkali  con- 
sists entirely  of  potash,  which  indeed  appears  to  be  its  most 
natural  base*  The  presence  of  either  of  these  bases,  con- 
sequently, in  a  free  state,  as  far  as  theory  goes,  might  be 
considered  sufficient  to  insure  a  crop  when  all  the  other 
materials  are  present.  There  is,  however,  another  compound 
of  soda  present  in  all  soils,  which  is  important  to  the  growth 
of  plants, — it  is  common  salt ;  this  does  not  only  supply  them 
with  a  certain  amount  of  soda,  but  at  the  same  time  gives 
them  their  necessary  quantity  of  chlorine,  another  element 
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important  to  their  growth.  This  common  salt  is  found  in  all 
soils  to  a  certain  extent,  and  generally  in  quantity  sufficient 
to  supply  their  wants ;  in  both  these  soib,  for  instance,  we 
find  much  more  common  salt  than  the  cloyer  crop  required, 
hence  this  would  have  no  effect  in  causing  its  failure  in  one 
case  and  success  in  the  other.  In  consequence,  however,  of 
the  soluble  nature  of  common  salt,  it  is  apt  to  be  washed  away 
by  drainage ;  it  is  therefore  advisable  to  add  some  in  the  form 
of  tillage,  when  such  has  been  the  case.  Rwi  water,  too, 
always  contsdns  an  appreciable  amount  of  common  salt,  so 
that  we  have,  to  a  certain  extent,  an  everlasting  supply  of  it 
to  plants.  It  is,  however,  a  question  whether  the  quantity 
supplied  by  rain  is  at  all  equivalent  to  the  amount  extracted 
by  some  kinds  of  produce.  Indeed,  the  fact  of  common  salt 
being  found  beneficial  to  the  growth  of  plants,  is  a  sufficient 
proof  that  it  is  not 

Silica,  the  substance  exbting  in  combination  with  the 
potash  and  soda  of  soils,  and  of  which  I  have  found  a 
mere  trace  present  in  the  ashes  of  clover,  need  scarcely 
be  mentioned  with  reference  to  this  case;  it  is  liberated 
in  a  soluble  state  along  with  the  potash,  and  is  consequently 
left  in  the  soil,  and  continues  to  accumulate  during  the  whole 
time  the  clover  plant  is  growing.  It  is  this  soluble  silica 
which  is  so  conducive  to  the  growth  of  the  future  crop  of 
wheat.  But  like  all  other  soluble  matters,  this  silica  would 
in  a  great  measure  be  removed  by  drainage  during  the 
winter,  were  it  not  stared  up  in  the  roots  of  the  clover,  and 
preserved  until  required.  It  is  a  remarkable  fact  that  these 
roots  contain  considerable  quantities  of  silica,  while  the  plant 
itself  contains  none.  The  average  of  several  analyses,  con- 
ducted with  great  care,  gives  me  five  parts  of  silica  in  every 
thousand  of  dried  roots ;  hence,  in  the  decay  of  these  roots 
in  summer,  the  silica  will  be  liberated  for  the  use  of  the 
wheat. 
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I  cannot  conclude  these  observations  on  the  elementary 
constituents  of  red  clover,  without  a  remark  on  the  large 
quantity  of  nitrogen  it  is  always  found  to  contain;  this 
nitrogen  is  the  principal  constituent  of  the  nutritive  matters 
of  plants,  and  consequently  proves  the  highly  nutritive 
qualities  of  the  clover.  It  must,  however,  be  borne  in 
mind  that  this  larger  amount  of  nutriment  requires  for  its 
production  considerable  quantities  of  ammonia,  or  some  sub- 
stance that  will  yield  it  by  decay  in  the  soil ;  the  ammonia 
simply  supplied  by  rain  water,  or  absorbed  from  the  atmos- 
phere by  the  leaves  of  plants,  can  scarcely  be  sufficient 
to  furnish  a  quantity  which  is  double  in  amount  to  that 
contained  in  a  crop  of  wheat ;  hence  it  is  possible  that  a 
crop  might  fail,  or  be  only  imperfect,  from  a  deficient  supply 
of  ammonia.  This,  however,  would  not  be  the  case  in  the 
soils  now  under  notice,  because  they  have  been  supplied  with 
manures  to  an  equal  extent  Nor  do  I  think  the  failure  on 
the  sands  generally  is  owing  to  this  cause,  or  any  other  than 
the  one  just  described,  namely,  a  deficiency  of  soluble  potash, 
arising  from  the  slow  decomposition  of  a  mineral  which  is 
here  found  in  small  quantity. 

Having  now  taken  each  element  separately,  and  shown 
from  the  analysis  of  the  soils  the  only  possible  means  of 
accounting  for  the  disappearance  of  the  red  clover,  during 
the  winter  and  early  part  of  spring,  it  will  of  course  be  my 
duty,  in  the  next  place,  to  point  out  such  remedies  as  I  think 
calculated  to  prevent  it.  Before  doing  so,  however,  I  must 
observe,  that  it  is  possible  there  may  be  other  causes  pro- 
ducing the  death  of  the  clover  plant,  besides  the  simple 
deficiency  of  its  constituents.  It  is  only  a  few  weeks  ago 
I  had  the  opportunity  of  observing,  in  a  field  belonging  to 
J,  C.  Althorpe,  Esq.,  of  Dinnington,  the  gradual  disappear- 
ance of  fhe  red  clover  from  disease  at  the  root ;  of  what  gave 
rise  to  this  (Usease  I  am  unable  to  form  an  opinion.     It  had 
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all  the  appearance  of  dry  rot ;  the  root  when  cut  had  irregular 
brown  markings,  similar  to  those  presented  by  diseased  po- 
tatoes ;  it  had  all  the  appearance  of  being  produced  from 
fungi,  which  extend  themselves  in  circles,  like  the  fairy  rin^s 
of  grass  fields,  but  not  so  regular.  The  patches  were  in 
yarious  parts  of  the  field,  and  all  the  plants  round  the  edges 
of  these  patches  were  affected ;  all  in  the  interior,  without 
exception,  were  dead.  I  could  not,  in  such  a  case,  state 
that  the  disease  and  disappearance  of  the  clover  was  owing- 
to  a  deficiency  of  potash ;  on  the  contrary,  I  believe  such 
was  not  the  case.  Had  it  been  so,  other  plants  would  have 
been  found  in  a  dying  state  where  these  patches  did  not  exist ; 
but  such  was  not  the  case.  Hence,  any  suggestions  I  may 
make  with  regard  to  the  preservation  of  the  red  clover  crop 
applies  only  to  cases  similar  to  those  I  have  been  requested 
to  investigate,  and  which  I  imagine  are  the  ones  from  which 
the  farmer  is  known  to  suffer  most. 

I  have  before  stated  my  conviction  that  the  failure  of  the 
clover  is  owing  entirely  to  a  deficiency  of  soluble  potash 
in  the  soil  at  the  time  the  plant  requires  this  material  in 
abundance.  I  have  shown  that  the  small  quantity  of  potash 
remaining  after  the  growth  of  the  barley  or  wheat  would 
all  be  exhausted  by  the  growth  of  the  clover  in  autumn,  or 
washed  away  by  the  rains  of  winter  and  spring ;  and  that, 
from  the  small  quantity  of  minerals  liberating  potash,  much 
less  would  be  rendered  soluble  in  a  natural  way  than  was 
necessary  for  its  growth.  It  is,  consequently,  evident  that, 
in  order  to  cause  the  crop  to  come  to  maturity,  we  must  take 
such  steps  as  will  facilitate  the  decomposition  of  the  potash 
minerals  in  the  soil,  or  add  something  in  the  form  of  manure 
which  will  furnish  potash  at  the  time  the  clover  plant  requires 
it.  With  regard  to  the  former  case,  we  have  two  methods  of 
effecting  our  purpose,  namely,  by  the  use  of  organic  manures 
furnishing  carbonic  acid,  and  by  the  use  of  lime.     In  the 
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application  of  organic  manures,  we  seldom  have  recourse  to 
such  as  furnish  carbonic  acid  alone  ;  yard  manure  and  other 
organic  matters  always  yield  ammonia,  and  the  general  in- 
organic constituents  of  plants ;  nor  do  we,  except  at  fallow 
time,  mix  them  sufficiently  with  the  soil  to  cause  them  to 
have  much  effect  on  the  silicates  contained  therein.  The 
roots  and  yegetable  fibres,  however,  which  are  constantly 
increasing  in  all  ordinary  cultivated  soils,  yield  by  their 
decomposition  quantities  of  carbonic  acid,  which,  acting 
powerfully  on  the  silicates,  has  an  important  influence  on 
the  growth  of  clover  and  other  plants.  Under  these  cir- 
cumstances, it  is  advisable  to  encourage  the  increase  of 
vegetable  matter  in  your  soil,  by  preserving  every  particle 
of  waste  on  your  farms,  and  not  allowing  so  great  a  loss 
to  take  place  in  farm-yard  manure  by  fermentation  before 
applying  it  to  the  soil. 

With  regard  to  the  use  of  lime  as  a  means  of  liberating 
the  potash  for  the  clover,  I  have  no  doubt  that  a  portion 
worked  into  the  land  at  the  time  of  sowing  the  barley  would 
produce  a  beneficial  effect.  The  lime,  however,  would  act 
with  the  greatest  energy  when  first  applied,  consequently  a 
larger  quantity  of  potash  would  be  liberated  at  that  time 
than  at  any  other ;  and  as  this  is  not  the  time  when  the 
clover  plant  requires  it  to  any  extent,  a  great  quantity 
would  be  washed  away  by  the  winter  rains,  and  a  small 
quantity  only  remain  for  its  summer  growth ;  hence  this 
method  of  liberating  potash  would  not  prove  so  serviceable 
as  we  might  otherwise  expect.  This  lime  might  be  applied 
as  a  top-dressing  to  the  clover  in  the  early  part  of  spring, 
but  its  effects  would  be  considerably  modified  by  its  not 
being  mixed  with  the  soil,  and,  I  fear,  to  such  an  extent 
as  to  prevent  its  being  employed  in  all  cases  with  success. 
I  would  certainly  recommend,  in  preference  to  these  methods, 
that  the  potash  be  put  on  in  some  artificial  compounds,  giving 
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off  potash  in  a  soluble  sta.te — slowly  and  gradually  would  be 
the  most  suitable — ^for  soluble  compounds  of  potash  would, 
in  the  event  of  a  wet  season,  be  liable  to  be  washed  away. 
Unfortunately,  however,  we  have  no  such  compound  of  potash 
at  our  command,  unless  it  be  those  which  exist  in  farm-yard 
manure.  We  have  in  this  silicates  of  potash,  &c.,  which, 
during  the  decay  of  the  manure  in  the  soil  are  gradually 
rendered  soluble  and  become  useful  to  the  growth  of  plants ; 
since,  therefore,  it  has  been  found  possible  to  grow  crops  of 
turnips  with  artificial  tillages,  without  the  necessity  of  yard 
manure  at  all,  there  will  certainly  be  in  all  ordinary  farms 
sufficient  to  manure  the  clover,  and  plenty  to  spare  for  the 
wheat  crop  as  well.  This  yard  manure  must  be  pirt  on  in 
the  winter y  or  early  in  the  dpring ;  it  will  then  go  on  decaying 
and  supplying  potash  during  the  whole  time  the  clover  is 
growing,  and  consequently  ensure  its  success.  Yard  manure 
from  the  stable  would,  undoubtedly,  be  the  best,  as  it  contains 
and  would  yield  more  potash  than  the  generality  of  others ; 
this  arises,  you  are  aware,  from  its  being  produced  from  the 
clover  on  which  the  horses  feed,  every  element  of  which 
clover,  valuable  to  the  growth  of  a  future  crop,  is  returned 
to  the  manure  in  the  liquid  and  solid  excretions.  And  if  it 
were  possible  to  preserve  all  the  liquid  and  solid  excretions 
of  the  animals  which  consume  your  clover,  by  applying  them 
to  your  next  crop  in  winter  and  the  early  part  of  spring,  you 
might  certainly  ensure  a  second,  as  far  as  practicable.  Then 
let  this  principle  guide  you  in  the  management  of  this  pre- 
carious crop,  and  I  have  no  doubt  you  will  find  less  difficultjr 
in  raising  it  than  you  have  hitherto  done.  There  are  many 
gentlemen,  however,  who  will  believe  that  they  have  not 
manure  to  spare  for  this  purpose,  and  think  it  more  profitiAly 
applied  in  other  respects ;  for  these  we  must  suggest  the  use 
of  some  salt  of  potash  as  a  top  dressing,  and  for  this  purpose 
the  rough  sulphates — a  product  in  many  chemical  works — 
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would  be  the  cheapest  and  best  Half  a  cwt.  of  this  per  acre, 
mixed  with  a  little  common  salt  and  sulphate  of  ammonia, 
would  be  probably  attended  with  success ;  half  of  this  should 
be  applied  in  the  beginning  of  January,  and  the  remainder 
in  the  beginning  of  April.  We  should  then  have  a  sufficient 
quantity  of  potash  in  the  soil  to  carry  the  plant  to  maturity, 
as  little  or  none  after  this  time  would  be  lost  by  drainage. 

There  is  but  one  other  method  I  can  suggest,  in  concluding 
this  essay,  of  supplying  potash  to  clover;  it  is  that  of  exposing 
the  subsoil,  which  in  the  sands  of  Sherwood  Forest  and  most 
other  soils,  generally  contain  more  potash  than  the  surface ; 
this,  in  fact,  is  always  the  case  where  the  surface  is  grey  and 
the  subsoil  red.  In  the  case  now  before  us  there  is  no  less 
than  double  the  quantity  of  this  valuable  matter  in  the  sub- 
soil ;  if,  therefore,  this  was  subjected  more  extensively  to  the 
action  of  the  atmosphere — of  lime,  or  other  decomposing 
agents,  which  it  might  be  by  bringing  it  to  the  surface,  there 
would  be  much  less  risk  of  the  clover  plant  dying  away  than 
at  the  present.  It  is  entirely  owing  to  this  portion  of  the 
soil  not  being  exposed  to  the  atmosphere,  or  the  action  of 
manures,  that  its  potash  is  not  rendered  soluble ;  and  it  is 
owing  to  the  surface  soil  having  been  so  exposed  that  its 
potash  has  diminished  in  quantity.  In  every  case  where 
vegetable  matter  of  any  kind  has  flourished,  and  where  the 
decay  of  the  fallen  leaves  or  mosses  has  gone  on  for  ages,  we 
find  the  silicate  of  potash  has  been  entirely  decomposed  and 
washed  away.  In  all  those  patches  of  dark  grey  sand  which 
abound  in  Sherwood  Forest,  scarcely  a  trace  of  this  substance 
can  be  found;  it  cannot,  consequently,  be  surprising  that 
these  places  should  be  poor  and  barren,  and  that  red  clover 
can  never  come  to  maturity.  If  these,  however,  be  carefully 
examined,  the  dark  grain  of  which  they  are  composed  will 
be  seldom  found  to  extend  more  than  ten  or  twelve  inches  in 
depth.     Below  this  we  generally  find  a  fine  red  sand,  com- 
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paratively  rich  in  potash,  and  which  the  present  means  of 
subsoiling  would  enable  you  to  bring  to  the  surface.  If  this 
was  done  I  hare  little  doubt  that  a  great  deal  of  the  forest 
land  of  this  character  would  be  reduced  from  a  comparative 
state  of  barrenness  to  one  of  great  fertility.  In  cases  where 
the  subsoiling,  from  the  great  depth  of  the  gravel,  or  from 
other  causes,  was  found  to  be  impracticable,  there  are  few 
places  where  this  permanent  improvement  may  not  be  effected 
by  carting.  Sand  pits  might  be  made,  generally,  in  the  very 
field  where  it  was  required,  and  a  larger  quantity  applied  at 
a  trifling  cost.  There  are  even  many  places  where  a  red  clay 
abounds,  much  richer  in  potash  than  the  sand,  and  which 
could  be  carted  on  in  a  similar  manner.  Where  sand  is  used, 
I  have  before  recommended  that  you  should  have  some  regard 
to  the  quantity  of  that  shining  mineral,  micay  which  it  contains. 
There  are  many  places  where  it  abounds  to  such  an  extent, 
that  each  ton  of  sand  contains  37  lbs.  of  pure  potash,  a 
quantity  which,  if  liberated,  would  be  su£Scient  for  an  acre 
of  clover ;  nothing,  consequently,  could  be  better  calculated 
to  prevent  the  failure  of  the  clover  crop,  or  confer  a  more 
permanent  benefit  on  these  soils,  than  a  good  application  of 
this.  Where  such  was  applied  simply  with  a  view  to  preserve 
the  clover,  the  potash  might  be  partly  converted  into  a  soluble 
state  by  previously  mixing  it  with  lime.  Compost  heaps  might 
be  made  of  two  parts  of  this  sand  and  one  of  lime,  ten  or 
twelve  months  before  required ;  they  might  then  be  applied 
as  a  top  dressing  in  winter  or  spring,  with,  I  think,  perfect 

success.  

P.S.  There  is  one  fact  connected  with  the  cultivation  of 
clover  which  I  would  beg  to  offer  a  few  remarks  upon  pre- 
vious to  concluding.  It  has  been  stated  to  me,  on  numerous 
occasions,  by  the  most  experienced  farmers,  that  the  crop  of 
wheat  is  always  better  after  mourn  clover  than  after  pastured. 
They  even  state  that  if  the  clover  is  mown  two  or  three  times. 
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the  wheat  will  be  better  than  when  mown  once :  now  this,  at 
first  sight,  certainly  appears  contrary  to  all  theory,  for  the 
food  consumed  on  the  soil  daring  pasturing  would  again  be 
restored  to  the  soil  in  the  liquid  and  solid  excretions ;  none 
of  the  elements  useful  to  the  growth  of  plants  would  be  lost, 
while  in  mowing  the  clover  the  whole  of  these  elements  are 
removed;  hence  we  should  certainly  expect  a  larger  crop 
where  the  elements  had  been  left  ;  but  such  is  not  the  fact. 
Admitting  that  all  these  elements,  which  are  secreted  by 
the  cattle,  be  washed  away  by  winter  drainage,  which  will 
probably  be  the  case,  we  have  not  even  then  an  explanation 
of  this  curious  fact.  Knowing  there  must  be  some  cause  for 
it,  I  commenced  an  examination  of  the  roots  of  clover  in 
these  circumstances,  and  from  many  sources  I  have  ascertain- 
ed that  the  weight  of  root  in  clover  pieces  mown  twicer  bears 
a  proportion  to  those  in  pastures  of  three  to  one. 

I  have  also  ascertained  that  the  weight  of  roots  contained 
in  an  acre  of  good  mown  hay  is  about  3,630  lbs.  (calculated 
dry),  while  the  weight  of  roots  from  a  portion  of  the  same 
Jieldy  which  had  been  pastured,  gave  only  1,440 lbs.;  hence 
we  have  at  once  an  explanation  of  the  cause  of  success  in 
one  case  and  failure  in  the  other ;  for  these  roots,  during  their 
decay  in  summer,  furnish  materials  valuable  for  the  growth 
of  wheat — the  carbonic  acid  which  they  give  off  acts  power- 
fully on  the  silicates  in  the  soil  and  promotes  their  solution, 
while  the  nitrogen  which  they  yield,  which  in  the  mown  por- 
tion amounts  to  54  lbs.  per  acre,  furnishes  that  important 
dement  to  its  growth.  These  decompositions,  of  course,  will 
go  on  with  three  times  the  vigour  where  there  is  three  times 
the  weight  of  root ;  hence  the  cause  of  this  curious  phenom- 
enon is  no  longer  a  mystery. 

I  believe  I  have  now  taken  every  subject  into  consideration 
with  regard  to  the  failure  of  the  red  clover  crop  on  the  sand 
lands  generally,  as  well  as  the  probable  means  of  preventing 
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it  If  the  suggestions  I  hare  made  should,  on  due  trial,  prove 
that  I  am  right,  I  trust  that  they  will  confer  a  lasting  benefit 
on  the  agriculture  of  this  district.  If,  on  the  contrary,  they 
should  not  be  found  to  succeed, — ^like  all  those  who  haye 
investigated  the  subject  before  me,  I  must  content  myself 
with  having  made  the  effort,  though  unsuccessful. 


ANALYSIS  OP  SANDY  S01L»  FROM  MR.  BEAVOR,  BARNBY 
MOOR,  WHERE  THE  RED  CLOVER  DIED  AWAY. 

•  Specific  Gravity,  2.265.  Dry  Gravity,  1.350.  One  cubic  foot 
in  a  dry  and  porous  state  weighs  about  100  lbs.  One  acre,  six 
inches  deep,  about  1000  tons. 

Per  acre,  six 
inches  deep, 
per  cent.  tons.cwt  lbs. 
16.250    162  10    0 


Stones  and  Gravel,  consisting  of  Silica  and  Silicate  of 
Alumina;  little  prone  to  disintegrate,  and  incapable  I 
of  furnishing  any  ingredient  serviceable  to  the  growth  | 

of  plants  ; 

Roots  and  Fibres  in  a  state  of 

decay 110 

Organic  Matter,  principally  Hu- 
mus, containing  a  trace    of 

Ammonia 1.870 

Water  of  Absorption  1.955 


Organic  Matter,  yielding 
Carbonic  Acid,  and 
all  the  constituents  of 
plants  by  decay. 


1    2    0 


18  14 

19  11 


Coarse  and  Fine  Silici- 
ous  Sand,  insoluble 
in  Acids;  containing 
Minerals  a^ble  of< 
disintegration,  and 
iiimishmg  Silica  and 
Potash  to  Plants. 


Substances    Soluble  in 
Acids. 


Substances  rendered  So- 
luble by  the  action  of 
the  Atmosphere,  by 
three  weeks*  exposure 
to  rain,  &c. 


Silica 68.000 

Alumina   10.020 

Potash   200 

Soda 052 

Lime  and  Magnesia 013 


680 

100 

2 

0 

0 


0 
0 
0 

10  45 
1  67 

13  89 
8    0 


'Peroxide  of  Iron 769  7 

Protoxide  of  Iron    140  1 

Oxide  of  Manganese trace 

Free  Alumina 120  1     4    0 

Carbonate  of  Lime 153  1  10  67 

Carbonate  of  Magnesia trace 

Phosphate  of  Lime  and  Iron  ...         .059  0  11  90 
'Humate  of  Lime,  with  a  little 

Ammonia 0321  0 

Sulphate  of  Lime    0025  0 

Chloride  of  Sodium    0016  0 

Potash  0008  0 


6  47 
0  56 
036 
0  16 


Loss 


99.7480 
.2520 

100.0000 
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ANALYSIS  OF  SOIL  FROM  THE  SAME  FIELD,  WHERE  THE 
CLOVER  PLANT  CAME  TO  PERFECTION. 

Specific  Gravity,  2.265.    Dry  Gravity,  1.350.     One  cubic  foot 

in  a  dry  and  porous  state  weighs  about  100  lbs.     One  acre,  six 

inches  deep,  about  1000  tons. 

Per  acre,  six 
inches  deep, 
percent,  tons. cwt. Ids. 
15.500    155  10    0 


Stones  and  Gravel,  similar  to  the  former,  incapable  of  ^ 
disintegration,  or  being  senriceable  to  the  growth  of  > 

'  Roots  and  Fibres  in  a  state  of 
decay. 


Plants 


Orjjranic  Matter,  yielding 


all  the  constituents  of  j  Organic  Matter,  principally  Hu- 
plants  by  decay. 


Coarse  and  Fine  Silici- 
ous  Sand,  containing 
Minerals,  capable  of 
disintegration,  and ' 
furnishing  Potash  and 
Silica  to  Plants. 


1.070      10  14    0 


1.812  18    2  45 

Water  of  Absorption  L275  12  15    0 

Silica    68.000  680    0    0 

Alumina  10.270  102  14    0 

Potash  824  3    4  89 

Soda 080  0  16    0 

Lime  and  Magnesia 040  0    8    0 


Substances  soluble  in 
acids,  the  useful  parts 
of  which  are  convey- 
ed to  plants  by  the 
carbonic  acid  contain- 
ed in  rain-water. 

Substances  contained  in 
the  soil  in  a  soluble 
state,  and  rendered  so- 
luble by  three  weeks* 
exposure  as  the  former. 


Peroxide  of  Iron 740  7    8    0 

Protoxide  of  Iron    040  0    8    0 

Oxide  of  Manganese 013  0    2  67 

Free  Alumina  074  0  14  89 

Carbonate  of  Lime 212  2    2  44 

Phosphate  of  Lime  and  Iron  ...        .062  0  12  44 

^  Carbonate  of  Magnesia    trace 

f  Sulphate  of  Lime    0059  0    120 

Potash  0024  0    0  54 

-  Chloride  of  Sodium     0040  0    0  89 

Humate  of  Lime  with  Ammonia        .1120  1    2  44 

L  Soluble  SiUca 0014  0    0  81 


Loss 


99.6377 


100.0000 


ANALYSIS  OP  SUBSOIL  FROM  SAME  FIELD. 
Specific  Gravity,  2.268 

Stones  and  coarse  Gravel,  similar  in  composition  to  that  contained  ) 

in  the  surfisice  soil ( 

Roots  and  Vegetable  Fibres 

Organic  Matter,  prindpaily  Humus < 

Water  of  Absorption 1.314 

r  Silica 67.500 

Alumina  8.520 

Potash 452 

Soda    120 

.  Lime  and  Magnesia 050 


17.000 

.020 
.320 


Coarse  and  fine  Sand, 
slowly  disintegrating 
by  the  action  of  the 
atmosphere. 
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Soluble  in  Acidi. 


Soluble  ID  Water  after 
exposure  as  the  former. 


Peroxide  of  Iron   2.500 

Protoxide  of  Iron -  .100 

Oxide  of  Manganese 240 

Free  Alumina 1.420 

Carbonate  of  Lime   068 

Carbonate  of  Magnesia    034 

^  Phosphate  of  Lime  and  Iron    028 

r  Sulphate  of  Lime 0045 

^  Soluble  Potash  0024 

Chloride  of  Sodium 0090 

Soluble  Silica 0022 

.  Humate  of  Lime   trace 


99.6931 
Loss 8069 


100.0000 


The  Rev.  W.  Thorp  intimated  that  from  Barnsley  to 
Ferrybridge,  out  of  460  acres  of  clover,  about  200  failed ; 
that  it  usually  fell  &om  November  to  March  ;  and  that  from 
observations  which  he  had  made  by  a  common  microscope, 
the  stalk  becomes  soft,  dark  coloured,  or  brown,  like  the 
disease  in  the  potato  plant. 

After  remarks  from  Mr.  Wbst,  Mr.  Lucas  took  the  chair 
for  the  purpose  of  allowing  Mr.  West  to  read  his  Paper : — 

ON  WATER  FOR  STEAM  ENGINES  :  ITS  CHEMICAL  ANALYSIS, 
AND  SOME  PROPOSED  REMEDIES  FOR  INCRUSTATIONS 
IN  BOILERS.  BY  WILLIAM  WEST,  ESQ.,  F.R.S.,  V.P., 
LEEDS. 

When  locomotive  engines,  in  consequence  of  the  splendid 
invention  of  the  tubular  boiler,  were  first  extensively  applied 
to  railways,  it  seems  as  if  engineers  had  been  content  to  rest 
upon  a  very  obvious  truism, — water  is  water ;  and,  omitting 
all  inquiry  as  to  quality^  had  been  satisfied  with  securing  a 
sufficient  quantity  at  each  watering  station.  That  this  con- 
tinued to  be  the  case  on  some  lines  for  several  years,  I  know. 

In  one  of  the  instances  in  which  I  was  at  a  later  period 
employed  to  analyse  and  report  upon  many  springs  proposed 
as  substitutes  for  water  which  had  been  found  very  mis- 
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chievous,  a  sum  not  less  than  £2,000  had  been  expended 
on  the  construction  of  a  reservoir,  and  the  Directors  had 
then  under  consideration  estimates  to  a  large  atnount  for  its 
alteration,  so  as  to  admit  new  streams  and  exclude  some  of 
the  old.  In  another  case,  much  trouble  and  expense  were 
incurred  in  attempts  to  obtain  a  supply  of  improved  quality, 
with  very  indifferent  success,  though  a  river,  yielding  very 
good  water,  was  within  a  quarter  of  a  mile  of  the  terminus. 
The  space  between  being  covered  with  houses,  many  of  them 
fadd  by  small  proprietors,  there  was  no  chance  of  obtaining 
consent  from  every  owner  to  the  laying  down  of  pipes  to 
the  river  without  a  fresh  Act  of  Parliament,  though  it  was 
currently  stated  that  had  the  contingency  been  foreseen, 
little  or  no  opposition  would  have  been  made  to  the  insertion 
of  the  needful  clauses  in  the  original  Act. 

In  these  instances,  and  in  others  within  my  knowledge^ 
the  inquiry  after  better  water  has  been  forced  upon  engineers 
or  proprietors  of  steam  engines,  by  the  destruction  of  a 
boiler  and  its  appurtenances,  in  a  period  of  time  far  shorter 
than  ought  to  elapse  between  the  construction  of  an  engine, 
and  its  requiring  such  repair.  In  others,  the  quality  of  the 
water  has  been  attended  to  at  the  beginning,  as  well  as  its 
quantity ;  and  where  there  has*  been  opportunity  for  choice, 
that  has  been  selected  which  chemical  analysis  has  shown  to 
be  best  fitted  for  the  purpose.  In  others,  I  doubt  not,  the 
old  hap-hazard  routine  is  continued,  of  employing  indiscrimi- 
nately such  water  as  can  be  most  abundantly  or  most  cheaply 
obtained,  and  changing  it  if  mischief  is  occasioned  to  such 
an  extent  as  to  become  intolerable.  The  manner  in  which 
this  mischief  shows  itself  is  by  the  deposit  of  an  earthy  fur 
or  crust  upon  the  tubes  principally,  but  also  upon  the  body 
or  "  shell"  of  the  boiler. 

This  crust  consists  chiefly  of  carbonate  of  lime,  sulphate 
of  lime,  or  a  mixture  of  these  two.     Such  substances  con* 
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duct  heat  much  more  slowly  than  the  metals;  when,  therefore, 
the  surface,  either  of  a  plate  or  tube  of  metal,  which  should 
be  in  immediate  contact  with  the  water,  is  so  encrusted,  the 
caloric  passes  slowly  through,  and  accumulates  proportiopably 
in  the  metal,  which  oxidates  with  corresponding  rapidity  on 
the  side  exposed  to  the  fire.  When  this  state  of  things 
exists  to  a  great  degree,  the  fire  which  would  raise,  with  a 
clean  boiler,  the  needful  quantity  of  steam,  becomes  insuffi- 
cient, and  its  increased  heat  augments  the  injury  to  the 
boiler. 

Besides  the  injury  to  the  di£Perent  parts  of  the  boiler,  an 
increased  consumption  of  fuel,  and  even  difficulty  in  obtaining, 
by  any  means,  a  sufficiently  rapid  generation  of  steam,  are 
additional  reasons  for  attention  to  the  quality  and  selection 
of  water.  The  substances  present  in  common  spring  or 
rirer  waters  are  soda,  lime,  magnesia,  as  bases ;  and  sul- 
phuric acid,  carbonic  acid,  and  chlorine,  which  represents 
hydrochloric  or  muriatic  acid.  Iron  and  organic  matter, 
either  animal  or  vegetable,  occur  occasionally.  Several 
other  substances,  as  potash,  iodine,  nitric  acid,  and  others 
are  met  with,  either  in  proportions  so  minute,  or  with  such 
comparative  rarity,  that  they  need  not  be  taken  into  account 
on  the  present  occasion. 

We  may  confine  our  attention,  then,  to  the  bases  and 
acids  above-mentioned.  Respecting  the  manner  in  which 
these  are  combined  or  grouped  by  nature  in  the  water  in  its 
original  state,  chemists  are  by  no  means  agreed.  Carbonate 
of  lime,  for  instance,  as  such,  is  insoluble  in  water  alone ; 
yet  it  is  separated  from  it  frequently  and  abundantly,  carbonic 
acid  being  in  most  cases  disengaged  at  the  same  time.  Now, 
one  chemist  believes  that  in  these  cases  the  lime  is  in  the 
state  of  a  true  bi-carbonate,  and  reports  it  to  contain  that 
substance.  Another  chemist  denies  the  existence  of  such  a 
salt  as  bi-carbonate  of  lime ;  for  he  considers  the  excess  of 
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carbonic  acid  as  a  mere  solyent,  and  reports  neutral,  or 
common  carbonate  of  lime.  Again,  if  sulphuric  and  carbonic 
acids,  soda,  and  lime,  are  present  in  small  proportions, 
chemically  equivalent  to  each  other,  it  is  possible  that  one 
chemist  may  report  the  presence  of 

Sulphate  of  soda    (40  and  32) 72 

Carbonate  of  lime (22  and  28) 50 

Total 122 

Another  might  state  the  composition  to  be — 

Carbonate  of  soda (22  and  32) 54 

Sulphate  of  lime 68 

Total  122 

Their  totals  agree,  their  acids  and  bases  are  the  same. 
These  are  matters  of  direct  experiment,  in  which  ordinary 
correctness  will  secure  uniformity;  but  from  diflFerence  in 
their  opinions  as  to  the  grouping  of  the  acids  and  bases, 
the  salts  mentioned  are  quite  different :  neither  of  those 
which  composed  the  total  in  each  is  mentioned  in  the  other. 
The  determination  of  that  point,  the  furnishing  a  decisive 
victory  to  either  class  of  opinions,  is  not  by  any  means  at 
present  within  our  reach,  or,  to  all  appearance,  likely  ever 
to  be  80  within  the  range  of  direct  experiment :  the  question 
is  one  of  inference  and  probabilities.  The  practical  conse* 
quence  of  this  disagreement  is,  that,  as  in  the  above  instance, 
salts  may  be  stated  to  be  present  in  one  report,  which  are 
wholly  absent  from  the  other.  If  such  salts  are  present  in 
any  other  than  chemical  equivalent  proportions,  the  quantities 
will  be  modified :  thus  we  might  have 

Sulphate  of  soda    72 

Carbonate  of  lime (50  and  20) 70 

Total  142 
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Or, 

Carbonate  of  soda 54 

Sulphate  of  lime • 68 

Carbonate  of  lime 20 

Total 142 

Let  not  the  non-chemical  engineer  rashly  conclude  that 
the  members  of  his  kindred  profession  have  no  rules  for 
their  guidance,  that  there  are  no  points  on  which  they  are 
agreed;  still  less,  that  chemical  analysis  is  an  unessential 
matter,  purely  theoretical,  and  definitively  settled. 

While  the  controversies  between  the  partisans  of  locomo- 
tive and  atmospheric,  screw  and  paddle,  broad  and  narrow 
gauge,  are  urged  with  their  present  talent  on  either  side, 
and  remain  in  their  present  state  of  indecision  and  absence 
of  conviction  to  each  other,  engineers  may  look  with  charity 
upon  those  divisions  which  are  not  only  more  speculative 
than  practical,  but  rather  apparent  than  real.  For  chemists 
know  immediately  what  is  intended,  and,  different  as  to  an 
unpractised  eye  the  two  statements  may  appear,  to  the 
chemist  it  is  not  the  actual  composition  of  the  water  which 
differs,  but  the  language  in  which  the  results  are  stated ;  and 
he  translates  with  facility  that  mode  of  expression  used  by 
another  chemist  into  that  which  he  is  accustomed  to  employ. 
The  reason  of  this  difference  in  expression  is,  that  when 
water  is  concentrated  by  evapcTration,  almost  to  dryness,  the 
acids  and  bases  present,  however  combined  originally,  and 
whether  in  a  natural  water,  or  introduced  as  salts  in  any 
specified  order  of  arrangement,  form  ultimately  those  com- 
pounds which  are  least  soluble  in  water.  Excess  of  carbonic 
acid,  if  present,  is  at  the  same  time  disengaged. 

He,  therefore,  who  either  states  the  salts  which  he  has 
actually  so  obtained  by  evaporation,  or,  having  ascertained, 
by  the  same  methods  as  others,  the  quantities  of  acids  and 
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basesj  groups  them  as  they  would  separate  when  evaporated, 
will  report,  as  in  my  first  example. 

But  there  are  strong  grounds  for  believing  that  under  the 
influence  of  the  water  present  in  very  weak  solutions,  like 
natural  waters,  the  grouping  is  the  direct  reverse  of  that 
which  takes  place  when  that  influence  is  withdrawn  by  evapo- 
ration. I  need  not  here  detail  these  reasons  which  are  in 
part  drawn  from  considerations  of  the  medicinal  effects  of 
stronger  mineral  waters :  sufficient  to  observe  that  there  is 
nothing  d  priori  illogical  in  the  view  that  where  water  is 
the  agent  in  imparting  fluidity,  the  state  in  which  the  salts 
subsist,  while  thus  fluid,  should  be  that  of  those  most  soluble; 
that  is,  having  most  disposition  to  assume  this  kind  of  fluidity, 
and  these  also  possessing  the  greatest  affinity  for  water,  so 
far  as  solubility  in  a  fluid  denotes  affinity  for  it 

The  chemist  who,  whatever  his  reasons  for  adopting  the 
hypothesis  of  ^<  salts  of  greatest  solubility,"  has  adopted 
and  adheres  to  it,  will  state  his  analysis  in  the  second  form — 
carbonate  of  soda,  sulphate  of  lime,  or,  in  the  further  instance, 
carbonate  of  soda,  sulphate  of  lime,  carbonate  of  lime.  I 
belong  to  the  "  greatest  solubility"  faction,  as  believing  it, 
though  not  perhaps  invariably  applicable,  to  express  generally 
what  actually  takes  place  in  natiure,  and  in  the  numerous 
analyses  in  which  I  am  engaged  of  waters  for  medicinal 
purposes,  to  be  also  the  most  useful  practically.  But  in 
analyses  of  railway  waters,  or  waters  for  boilers  of  any 
kind,  where  we  have  to  do  with  the  results  of  evaporation, 
and  with  these  only,  I  consider  it  my  place  to  say  what 
evaporation  will  produce,  rather  than  to  mislead  by  attempts 
at  theoretical  exactitude.  If  I  speak  in  one  language  to 
physicians,  and  in  another  to  engineers,  each  is,  however, 
a  faithful  expression  of,  and  exactly  equivalent  to  the  other. 

One  circumstance  which  I  believe  often  strikes  those  to 
whom  the  subject  is  new,  is  the  smallness  of  the  quantities 
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reported  in  waters,  respecting  which  strong  opinions  are 
expressed  by  chemists.  Accustomed  to  deal  with  thousands 
of  tons,  and  having,  perhaps,  never  seen  grain  weights,  or 
perhaps  seen  them  as  the  mere  spangles  used  for  apportioning 
doses  of  the  most  powerful  medicines,  the  engineer  who 
sees  three-quarters  of  a  grain  mentioned  as  present  in  a 
pint,  may  be  excused  if  he  is  tempted  to  consider  such 
a  fraction  not  only  unimportant,  but  insignificant.  But 
let  this  three-quarter  grain  per  pint  be  deposited  from 
one  thousand  gallons,  without  being  removed,  and  it  will 
amount  to  nearly  fourteen  ounces  avoirdupois, — a  very  tan- 
gible quantity. 

The  carbonate  of  lime  deposited  from  natural  waters 
may  have  been  dissolved  in  either  or  both  of  two  ways; 
either  as  carbonate  dissolved  by  excess  of  carbonic  acid, 
which  is  driven  oflF  by  boiling ;  or  lime  present,  as  sulphate  or 
muriate,  if  carbonate  of  soda  be  also  present,  will  form 
carbonate  by  decomposition,  when  the  solution  becomes  con- 
centrated. 

Sulphate  of  lime  may  also  exist  in  water,  as  sulphate,  in 
a  larger  quantity  than  will  be  found  at  present ;  or  it  will  be 
formed  of  muriate  of  lime  and  sulphate  of  soda,  reacting  on 
each  other.  As  soon  as  the  solution  is  concentrated  to  such 
a  point  that  the  water  present  is  insufficient  to  hold  the  whole 
dissolved,  the  excess  will  be  deposited.  But  much  may  be 
separated  in  the  solid  form,  during  the  brisk  boiling  of  a 
solution  far  from  saturated.  I  described,  many  years  ago, 
in  print,  how  this  takes  place.  When  a  bubble  of  steam 
arises,  the  salt  of  any  description,,  which  it  held  dissolved, 
either  is  really,  or,  to  render  our  explanation  clearer,  may  be 
supposed  to  be  for  a  moment,  left  behind  in  the  solid  form. 
If  the  salt  is  abundantly  and  rapidly  soluble,  like  sulphate 
of  soda,  it  is  so  instantaneously  re-dissolved,  that  practically 
the  case  is  as  if  it  never  had  separated. 
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But  sulphate  of  lime,  like  all  difficultly  soluble  salts, 
requires  an  appreciable  portion  of  time  for  its  solution ;  and 
before  the  fragment  left  by  one  bubble  is  dissolved,  myriads 
of  others  are  formed,  which  even  a  weak  solution  cannot 
take  up  before  they  are  aggregated  into  masses  which  present 
less  surface,  and  still  further  resist  the  solrent  action  of  the 
water.  Hence  they  may  be,  and  I  doubt  not  are,  deposited 
from  a  solution  briskly  evaporated,  but  considerably  below 
saturation. 

Carbonate  of  magnesia  accompanies  carbonate  of  lime 
in  many  waters,  and  is  subject  to  nearly  the  same  laws ;  it 
is  insoluble  in  water  alone :  is  soluble  by  the  lud  of  excess 
of  carbonic  acid,  and  precipitated  when  this  is  disengaged 
by  heat.  But  sulphate  of  magnesia,  being  a  salt  very  easily 
soluble,  does  not  separate  in  the  indirect  and  curious  manner 
in  which  sulphate  of  lime  separates  from  weak  solutions. 

In  many  crusts  which  I  have  examined,  I  have  found  a 
mixture  of  these  three  substances,  carbonate  of  lime  forming 
always  the  largest  part,  sometimes  almost  the  whole;  car- 
bonate of  magnesia  is  sometimes  present,  sulphate  of  lime 
frequently. 

Carbonate  of  lime,  in  native  crystals,  is  harder  than  sul- 
phate of  lime ;  calc  spar  scratches  gypsum,  and  is  not  readily 
scratched  by  it  In  the  loosely  coherent  state  in  which  these 
salts  are  at  first  deposited  in  a  boiler,  the  true  hardness  of 
each  minute  crystal  is  no  guide  to  the  hardness  of  the  aggre- 
gate. And  I  am  decidedly  of  opinion,  from  my  observations, 
that  sulphate  of  lime  is  more  disposed  to  attach  itself  to 
foreign  bodies,  as  the  plates  or  tubes,  than  carbonate ;  and 
that  a  mixture  of  sulphate  gives  a  closer  and  firmer  texture 
to  the  mixed  deposits,  than  is  possessed  by  the  carbonate 
alone.  I  therefore  look  with  jealousy  on  all  waters  con- 
taining much  sulphate  of  lime,  whether  it  be  accompanied 
by  a  large  or  small  proportion  of  carbonate  of  lime. 
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The  empirical  rule  which  I  suppose  guides  such  engineers 
and  directors  as  reject  the  aid  of  chemistry,  and  yet  profess 
to  follow  some  rule,  and  not  to  trust  entirely  to  chance 
in  the  selection  of  water,  is,  I  suppose,  to  prefer  such  water 
as  is  "  soft,"  and  to  exclude  "  hard"  springs.  To  a  certain 
extent  this  is  correct,  but  not  without  great  exceptions. 
Chloride  of  calcium  (muriate  of  lime)  decomposes  soap, 
and,  therefore,  for  domestic  purposes,  imparts  hardness  in 
such  proportion  that  about  56  parts  produce  the  same  effect 
as  68  of  sulphate  of  lime  and  50  of  carbonate  of  lime. 

But  since  muriate  of  lime  (chloride  of  calcium)  is  an 
exceedingly  soluble  salt,  it  does  not,  as  such,  form  any 
portion  of  crust  on  boiling.  Water  containing  nothing  be- 
sides muriate  of  lime  would  not  "  fur"  at  all ;  and  in  so  far 
as  the  mixture  of  earthy  salts  which  interferes  with  the  use 
of  soap  consists  of  muriate  of  lime  (and  in  practice  it  some- 
times forms  a  large  portion),  will  the  '^  hardness"  to  soap, 
and  the  disposition  to  "  fur"  vary  from  each  other.  If  we 
compare  by  means  of  soap,  or,  what  is  nearly  the  same 
thing,  by  their  reputed  hardness,  a  water  containing  10 
grains  of  carbonate  of  lime,  with  another  containing  5  of 
carbonate  of  lime,  and  15  of  muriate  of  lime,  the  other 
ingredients,  if  any,  being  in  each  case  the  same,  the  first 
specimen  would  seem  only  half  as  objectionable  as  the 
second,  while  it  is  really  twice  as  bad  for  the  boiler.  The 
total  solid  matter  in  solution  is  a  yet  more  yague  method 
of  judging,  because  this  will  include  not  only  the  readily 
soluble  muriate  of  lime,  but  the  salts  of  soda,  which  do 
not  form  insoluble  crusts  at  alL 

Whether  we  employ  the  terms  "  hard"  and  "  soft"  in  the 
popular  sense,  or  restricted  to  the  formation  of  fur,  we  have 
at  present  no  line  drawn  between  the  two,  and  scarcely  any 
approach  to  naming  a  standard,  those  superior  to  which 
should  be  called  good,  those  inferior,  bad  waters.     As  exact 
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analyses  by  chemists  are  multiplied  on  the  one  hand,  and 
observations  by  engineers  as  to  the  actual  results  with  waters 
of  known  composition  on  the  other,  some  approximation  to 
such  a  standard  will  be  arrived  at.  At  present  the  engineer, 
when  not  acquainted  with  chemistry,  probably  depends  more 
on  the  opinion  appended  by  the  chemist  to  his  numerical  state- 
ment, than  on  that  statement  itself  It  may  give  a  better  idea 
than  in  any  other  way,  what  character  I  attach  to  certain  num- 
bers, if  I  copy  a  few  analyses,  with  the  report  upon  each  : — 
No,  1  contained 

Carbonate  of  lime 24J  grains  per  gallon. 

Muriate  of  magnesia 12|  „ 

Sulphate  of  soda  ... 35  ,, 

Total 72 

When  such  water  as  the  above  is  evaporated,  the  carbo- 
nate of  lime  separates,  and  as  the  quantity  is  large,  the 
water  is  very  unfit  for  the  purpose  it  is  applied  to. 

No.  2,  river  water  : — 

Sulphate  of  lime 2  grains,  nearly. 

Muriate  of  lime 1^  „ 

Carbonate  of  lime 5  j, 

Dissolved  vegetable  matter    2  „ 

Total   lOj      „      or  2^  oz. 

per  100  gallons. 

The  quantity  of  suspended  earthy  and  vegetable  matter 
was  9^  grains  per  gallon  when  dried.  The  carbonate  of 
lime  actually  separated  on  boiling  was  4.8  per  gallon,  or 
about  1  oz.  per  100  gallons*  Hence  this  water,  if  free 
from  mud,  would  be  very  fit  for  boilers ;  but  taken  directly 
firom  the  river,  in  its  present  turbid  state,  some  of  the  mud 
vill  adhere  to  the  metal,  producing  the  same  evil  as  if  dis- 
solved. Such  muddy  water  is  also  liable  to  the  serious 
defect  of  "priming."  It  should,  therefore,  be  rendered 
clear  by  subsidence  or  filtering. 
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[Other  analyses  were  giTen,  which  we  regret  our  inability 
to  insert] 

That  in  a  large  proportion  of  cases,  my  reports  are  sub- 
stantially unfavourable,  though  in  such  guarded  language 
as — **  not  the  worst  I  have  known," — "  better  is  desirable 
if  it  can  be  procured,"  is  not  to  be  imputed  to  my  being 
hypercritical ;  but  to  the  fact  before  adverted  to,  that  chem- 
ical analysis  is  not  often  resorted  to  at  the  period  when 
it  would  be  most  useful,  at  the  formation  of  the  line,  when 
the  quality  of  the  water  might  enter  as  one  element  into 
the  fixing  on  the  exact  site  of  a  station,  but  that  it  is  when 
the  water  is  found  unfit,  that  an  analysis  is  thought  of. 

In  regard  to  a  remedy  for  crust,  I  believe  the  best  is  to 
vselect  such  water  as,  from  its  obvious  softness,  or  from  analy- 
sis, is  shown  to  be  of  a  good  kind.  Where  no  very  good 
water  is  to  be  found  near  the  spot  which  on  other  accounts 
must  be  selected  for  a  railway  station,  or  a  steam  engine, 
frequent  and  early  drawing  off  and  "blowing  out"  will 
remove  much  of  the  separated  earthy  matter  before  it  has 
time  to  attach  itself  firmly  to  the  boiler. 

I  have  repeatedly  heard  that  potatoes,  or  other  similar 
substances,  are  in  actual  use,  in  the  boilers  of  some  station- 
ary engines ;  they  must  act  by  enveloping  the  particles  of 
earthy  matter  in  a  slimy  coating,  which  lessens  the  tendency 
to  adhere  to  each  other,  or  to  the  metal,  not  by  diminishing 
the  quantity.  They  could  not  be  applied,  I  think,  in  loco- 
motives, without  inducing  the  other  defect  of  priming.  One 
patent  enumerates  among  the  methods  which  it  claims,  the 
having  some  part  or  parts  of  the  boiler,  away  from  the 
hottest  portion  of  the  furnace,  at  a  lower  level  than  the 
rest,  and  so  situated  that  the  eddies  of  the  water,  in  its 
course  from  the  hotter  to  the  cooler  portion  and  back,  should 
leave  much  of  the  deposit  in  these  recesses,  where,  the  in- 
ventor imagines,  I  apprehend  correctly,  they  would  adhere 
less  firmly  than  to  the  strongly  heated  plates. 
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I  have  several  times  been  asked  whether  some  acid  could 
not  be  added  to  the  water  which  should  hold  the  lime  in 
solution. 

No  doubt  it  could,  but  alas  I  for  this  class  of  projectors, 
the  excess  of  acid  would  act  ferociously,  at  the  boiling 
temperature,  upon  the  metals  themselves.  Dr.  Clark,  of 
Aberdeen,  has  a  patent  for  the  use  of  lime  water  in  such 
proportions  as  shall  exactly  saturate  the  excess  of  carbonic 
acid,  and  precipitate  both  the  carbonate  of  lime  originally 
present,  and  that  formed  from  the  lime  added.  The  pro- 
cess is  ingenious,  and  does  credit  to  Dr.  Clark's  sagacity, 
but  I  fear  it  would  not  apply  to  railway  waters.  It  would 
leave  the  sulphate  of  lime ;  its  efficacy  in  any  case  depends 
on  the  exact  adjustment  of  the  lime  added  to  the  free 
carbonic  acid  in  the  water ;  as  this  varies,  so  must  the  lime 
water  to  be  added ;  and  I  fear  that  engineers  would  recoil 
from  the  apparatus  of  settling  tanks,  or  of  filters,  needful 
for  clearing  the  water  from  the  carbonate  of  lime,  after  it 
had  been  reduced  to  the  insoluble  form.  We  are  therefore 
thrown  back  on  the  selection  of  the  best  waters  which  the 
neighbourhood  of  a  station  may  afford ;  on  chemical  analy- 
sis to  assist  in  that  selection ;  and  in  those  situations  where 
none  can  be  obtained  but  what  is  of  poor  quality,  drawing 
off  the  residual  portion,  or  what  is  called,  I  believe,  blowing 
off  frequently ;  and  what  is  of  equal  consequence,  as  early 
as  possible  after  a  journey,  or  course  of  journeys,  so  as 
not  to  allow  time  for  adhesion  in  a  firm  crust  to  take  place 
to  the  utmost 

As  my  object  in  the  present  instance  has  been  to  point 
out  to  engineers  how  they  may  best  apply  the  resources 
of  chemistry,  in  their  own  hands,  or  those  of  others, 
to  the  selection  of  water,  I  may  add  one  or  two  further 
remarks.  Waters  collected  in  districts  where  the  strata 
are  siliceous    are    generally  most    pure    the    nearer  they 
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are  to  their  source,  whether  this  be  a  spring  or  surface 
drain.  I  have  found  in  such  as  little  as  three  grains  of 
solid  matter  altogether,  in  the  gallon,  as  they  dissolve  more 
than  they  part  with,  in  their  subsequent  course.  Waters 
springing  irom,  or  collected  upon  limestone  or  chalk,  deposit 
considerably  from  exposure  to  the  air,  agitation,  and  the 
action  of  the  sides  and  bottoms  of  brooks  and  of  reseryoirs. 
The  condition  of  these,  therefore,  is  improved  by  being 
conveyed  in  natural  or  other  open  channels,  and  by  absorb- 
ing in  ponds  and  reservoirs.  Many  clays  contain  no  small 
proportion  of  sulphate  of  lime;  the  composition  of  such 
clay  as  is  used  for  puddling  is,  therefore,  not  beneath  the 
notice  of  the  engineer.  In  selecting  cases  for  analysis,  it 
is  desirable  either  that  a  time  of  drought,  when  the  waters 
commonly  are  strongest,  should  be  chosen,  or  at  least  ordi- 
nary average  weather.  If  taken  during  heavy  rains,  the 
results  of  analysis  will  represent  the  water  as  more  diluted, 
and  therefore  better  than  it  really  is.  Lastly,  I  would 
recommend  that  the  quantity  of  water  should  not  be  too 
small 

It  is  not  wise  to  increase  the  difficulty  of  analysis,  or 
to  exclude  those  collateral  experiments  on  the  effect  of 
exposure  and  subsidence,  boiling,  &c.,  which  may  prove  as 
useful  as  the  analysis  itself.  One  or  two  gallons  is  a  good 
quantity. 

Within  a  short  period,  however,  I  believe  a  few  months,  a 
method  has  been  proposed  by  Dr.  Ritterbandt,  for  prevent^ 
ing  incrustation  even  from  very  hard  waters.  His  remedy 
is  muriate  of  ammonia,  crude  sal  ammoniac  (well  known 
to  boiler-makers  for  a  different  purpose,  as  one  ingredient 
in  a  cement  for  iron)  ;  and  its  use  in  hard  waters  is  founded 
on  the  remarkable  fact,  that  though  when  muriatic  acid, 
lime,  carbonic  acid,  and  ammonia,  in  equivalent  proportions, 
or  at  least  excluding  great  excess  of  carbonate  of  ammonia, 
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are  present  in  the  aame  cold  solution,  the  ammonia  takes 
the  muriatic  acid,  and  remains  with  it  in  solution,  while 
the  lime  combines  with  carbonio  acid,  and  precipitates  as 
carbonate  of  lime  S;  yet  at  the  temperature  of  boiling 
water,  these  affinities  are  reyersed.  Lime  then  takes  muria- 
tic acid,  or,  in  modem  nomenclature,  the  calcium  of  lime 
takes  the  chlorine  of  muriatic  acid,  and  chloride  of  lime, 
an  extremely  soluble  salt,  remains  in  solution;  while  am- 
monia takes  carbonic  acid,  and  is  driven  off  as  carbonate 
of  ammonia.  Thus  all  precipitation  of  carbonate  of  lime 
is  prevented.  Dr.  Ritterbandt  assumes  that  sulphate  of 
lime,  and  carbonate  of  magnesia,  the  other  and  minor 
constituents  of  some  crusts,  will  not  form  hard  or  coherent 
masses  without  the  presence  of  carbonate  of  lime;  and 
without  being  prepared  to  confirm  this  assertion,  I  should 
readily  admit  that  if  we  get  rid,  by  this,  or  any  other 
method,  of  carbonate  of  lime,  the  others  are,  from  their 
very  quantity,  of  less  importance. 

Mn  Gooch,  the  engineer  to  the  London  and  South 
Western  Railway  Company,  states  that  he  has  tried  the 
method  to  some  extent  in  locomotive  engines  with  great 
success.  He  likewise  states  that  it  has  succeeded  in  pre- 
venting incrustation  in  marine  boilers,  fed  by  salt  water, 
and  that  it  is  only  necessary  to  draw  off  the  residual 
concentrated  solution  of  salt  once  in  ten  or  twelve  days, 
instead  of  daily.  Mr.  Gooch  states  that  he  has  had  the 
water,  after  the  use  of  muriate  of  ammonia,  tested  by  a 
chemist,  and  that  it  shows  no  sign  of  the  presence  of  any 
metals  which  would  indicate  the  action  of  muriate  or  carbo- 
nate of  ammonia,  either  on  the  iron  boiler  or  the  brass  or 
copper  tubes.  It  would  be  desirable  that  this  should  be 
further  tried,  and  confirmed.  Another  of  Mr.  Gooch's 
statements  is,  I  doubt  not,  correct :  that  when  an  incrus- 
tation  has  been  formed,  it  is  detached,  and  partially  or 
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wholly  dissolved,  under  the  use  of  muriate  of  ammonia. 
Dr.  Ritterbandt's  method  is  protected  by  patent,  and  I 
have  here  some  copies  of  his  prospectus.  The  method  \b 
equally  well  adapted  for  stationary  and  for  locomotiye  en- 
gines, and  well  deserves  a  trial.  I  do  not  consider  that 
it  supersedes  the  need  of  chemical  analysis,  since  this  would 
be  as  available  as  ever  in  determining  beforehand  whether 
a  water  is  likely  to  fur  or  not ;  and  where  it  is  found  that 
it  will,  or  where  incrustation  has  already  taken  place,  an 
analysis  of  the  water  will  determine  the  exact  quantity  of 
muriate  of  ammonia  needful  in  each  case. 

This  method  appears  applicable  to  domestic  boilers,  where 
steam  alone  is  wanted ;  but  I  think  it  is  not  where  the  water 
itself  is  to  be  used. 


After  a  few  remarks  from  Mr.  W.  S.  Ward,  the  meeting 
broke  up. 
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OH   THUSSDATy   THB   20tH   MARCH,    1847* 


The  ReT.  Thbophilus  Barkbs,  A.M*,  Vico-President, 
in  the  Chair. 

The  Chairman  opened  the  meeting  by  an  appropriate 
address,  in  which  he  dilated  upon  the  importance  and  advan- 
tages of  the  Society,  as  embracing  alike  the  most  useful 
information  connected  with  the  Geology  and  Mining  opera- 
tions of  the  district,  as  well  as  the  Polytechnic  or  Mechanical 
department,  more  especially  bearing  upon  the  same  subjects. 
After  enumerating  several  of  the  Papers  which  had  occupied 
the  attention  of  the  Society  at  the  last  few  meetings,  and 
suggesting  one  or  two  subjects  which  he  considered  worthy 
of  their  consideration,  he  observed: — I  am  glad  to  find 
that  this  day  we  shall  have  two  subjects,  at  least,  brought 
before  us,  of  vast  importance  at  a  period  like  the  present 
The  one  "  On  the  Ventilation  of  Coal  Mines ;"  which, 
after  the  very  recent  lamentable  catastrophe  at  the  Oaks 
Colliery,  near  Bamsley,  would  not  fail  to  arrest  the  atten- 
tion of  every  person  who  was  desirous  to  save  the  lives 
and  lessen  the  dangers  of  a  class  of  operatives  the  most 
useful,  and,  at  the  same  time,  the  most  exposed  to  accidents, 
which,  when  they  occurred,  affected  not  only  themselves,  but, 
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generally,  a  large  number  of  individuals  depending  upon 
them  for  their  daily  bread.  Many  eminent  men,  from  Sir 
Humphry  Davy  to  the  present  time,  had  been  endeavouring- 
to  alleviate  the  amount  of  wretchedness  which  they  were  so 
frequently,  he  was  sorry  to  say,  called  upon  to  deplore,  and 
he  felt  glad  that  their  worthy  Secretary,  Mr.  Thorp,  had 
also  entered  the  list  for  effecting  so  desirable  an  object  The 
second  Paper  to  which  he  alluded  was  "  On  the  Strength  of 
Materials."  Now,  when  he  saw  such  stupendous  under- 
takings in  connection  with  our  various  railways,  the  viaducts, 
bridges,  &c.,  it  often  occurred  to  him  how  essential  it  was 
that  the  utmost  caution  should  be  used  in  their  construction, 
that  they  should  be  upon  the  soundest  principles,  and  of  the 
materials  most  likely  to  resist  the  constant  wear  and  tear  to 
which  they  would  afterwards  have  to  be  subjected  by  the 
passing  and  re-passing  of  the  railway  trains.  He  should 
now  call  upon  Mr.  Ward  to  read  the  first  Paper. 

ON    THE    STRENGTH    OF    MATERIALS.        BY    WILLIAM    SYKES 
WARD,    ESQ.,    LEEDS. 

After  briefly  alluding  to  various  formulae  for  the  cal- 
culation of  the  strength  of  beams,  and  particularly  the 
experiments  and  formulae  of  Mr.  Hodgkinson,  as  published  in 
several  of  his  Essays  in  the  Philosophical  Transactions,  and 
Reports  of  the  British  Association,  and  in  a  more  accessible 
form  in  the  second  part  of  his  new  edition  of  Tredgold's 
Essay  on  the  Strength  of  Cast  Iron,  and  which  were  ex- 
emplified by  numerous  diagrams,  Mr.  Ward  observed,  I 
do  not  find  that  the  strength  of  wood  beams  trussed  with 
rpds  of  wrought  iron  has  been  investigated  by  any  writer  on 
the  Strength  of  Materials.  I  have  given  some  considera- 
tion to  the  obtaining  a  formula  for  finding  the  additional 
strength  which  the  rod  of  iron  gives  to  the  wood  beam, 
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and,  for  many  cases,  I  think  tbe  following  formula  may  be 
employed : —  W  =  ^  ^4^^  ^,  C  being  the  tensile  strength  of 
the  rod,  A  its  area,  and  D  the  depth  from  tbe  neutral  area 
of  the  beam,  say  at  |  of  its  depth,  to  the  bolt  under  the  beam 
oyer  which  the  trussing  rod  passes,  or  to  which  it  may  be 
attached.  I  think  this  formula  will  apply  when  the  strength 
gidned  by  the  rod  is  greater  than  the  original  strength  of 
the  beam,  or  when  the  trussing  rod  is  attached  to  a  pillar 
much  deeper  than  the  beam.  In  the  former  of  these  cases 
it  will  also  be  needful  to  ascertain  if  the  beam  be  strong 
enough,  as  a  pillar,  to  bear  the  compression  of  the  rod. 

There  are  cases  in  which  the  adrantage  obtained  by 
trussing  a  beam  with  a  wrought  iron  rod  would  be  estimated 
at  very  little  by  the  foregoing  formula;  the  advantage  is, 
nevertheless,  very  decided  in  practice.  For  instance,  when  a 
very  shallow  beam  is  trussed  by  a  rod  not  extending  to  a 
greater  depth  than  that  of  the  beam,  the  formula  would 
shew  very  little  additional  strength.  As  the  case  is 
very  different  in  fir  timber  and  cast  iron,  as  regards  the 
relation  between  the  tensile  and  compressive  strengths,  the 
tensile  strength  in  fir  being  much  greater  than  the  com- 
pressive, it  would  appear  of  little  moment  to  add  to  the 
stronger,  for  the  rod  appears  to  add  only  to  that  part  of  the 
beam  exposed  to  tension. 

The  advantage,  however,  appears  to  me  to  arise  in  that  the 
beam  being  pressed  upwards  by  the  action  of  the  trussing,  so 
as  to  become  somewhat  arched  upwards,  the  neutral  axis  is 
brought  nearer  the  lower  part  of  the  beam,  and  a  greater 
portion  of  the  area  is  in  a  condition  to  resist  the  compressive 
strain ;  and  also  the  beam,  instead  of  being  exposed  to  the 
compressive  strain  mostly  along  the  upper  side,  receives  the 
compressive  strain  in  a  direction  nearly  coincident  with  its 
axis :  and  we  have  seen  that  a  pillar  will  bear  three  times 
more  strain  in  the  direction  of  its  axis  than  along  one  side. 
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We  majy  therefore,  conceire  that  much  greater  advantage 
would  arise  from  such  trussing  than  is  pointed  out  by  the 
formula. 

There  is  much  analogy  between  such  considerations  of 
trussed  beams,  and  the  results  of  some  experiments  by  M. 
Duhamel  on  beams  of  soft  wood,  into  the  upper  side  of 
which  a  cut  with  a  saw  having  been  made,  a  wedge  of  hard 
wood  was  driven. 

But  it  would  be  vain  to  attempt  to  reduce  these  vague 
ideas,  or  the  effects  derived  from  such  varying  causes,  to  any 
formulas,  without  much  previous  investigation  of  the  laws  of 
the  stiffness  of  beams,  and  many  experiments,  conducted 
with  the  greatest  care,  and  of  a  very  expensive  nature,  as  it 
would  be  necessary  that  they  should  be  on  a  considerable 
scale.  The  necessity  of  such  experiments  is  now  apparent 
from  the  frequent  use  of  cast  iron  girders,  trussed  with  rods 
of  wrought  iron.  In  regard  to  these,  the  results  of  the 
inquiries  consequent  on  the  falling  of  the  Dee  Bridge  shew 
that  substantial  data  are  wanting,  particularly  as  regards  the 
effects  of  temperature  on  such  structures  as  are  compounded 
of  cast  and  wrought  iron. 

If  I  may  throw  out  an  opinion  on  this  subject,  I  think  that 
trussing  should  not  be  resorted  to  for  the  purpose  of  giving 
absolute  strength  in  a  weak  structure,  but  that  the  girder 
being  made  strong  enough,  trussing  may  be  advantageously 
used  so  as  to  confer  stiffiiess* 

Perhaps  the  most  important  part  of  our  subject  is  the 
consideration.  What  is  the  proportionate  load  which  may  be 
borne  with  safety,  in  comparison  with  the  weight  which^ 
according  to  calculation,  would  break  the  structure?  It 
would  evidently  be  very  unsafe  to  load  a  beam  or  a 
pillar  with  a  weight  just,  or  nearly,  sufficient  to  break 
it,  for  then  the  slightest  additional  weight  or  load  incau- 
tiously added,  the  vibration  produced  by  wind,  or  tremor 
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ariBing  from  any  source^  might  cause  the  destruction  of  the 
edifice. 

Before  entering  fully  into  this,  it  is  necessary  to  con- 
sider the  effect  of  impact,  that  is,  of  a  hody  or  weight 
falling  with  the  accelerated  force  due  to  gravitation.  The 
effect  of  a  falling  body  impinging  upon  another,  is  in  the 
ratio  of  the  weight  and  the  distance  fallen  through.  Thus 
a  weight  of  1  lb.  falling  through  three  feet  of  space, 
would  produce  the  like  effect  as  a  weight  of  3  lbs. 
falling  through  one  foot.  I  have  not  found  any  accurate 
statement  of  the  space  through  which  a  body  must  fall, 
to  double  by  impact  the  effect  of  its  dead  weight;  but  I 
suspect  from  the  results  of  rough  experiments,  that  such 
space  is  only  about  three  quarters  of  an  inch;  I  find  also 
that  in  experimenting  with  any  contriyance  like  a  scale 
beam,  there  is  much  less  of  force  from  flexure  or  extension, 
and  much  uncertainty  arising  from  vibration.  I,  however, 
further  find,  that  a  weight  of  |  of  a  lb.  falling  through 
thirty  inches,  on  a  wire  which  would  support  30  lbs. 
weight,  just  snaps  off  the  wire. 

It  would,  therefore,  appear  that  where  a  structure  is  ex- 
posed to  the  impact  of  bodies  falling  even  from  slight 
distances,  the  load  on  it  must  be  very  light  in  proportion 
to  the  breaking  weight,  in  order  to  allow  for  the  effect  of 
impact  It  has,  however,  been  observed  by  Mr.  Hodgkin- 
son,  that  a  beam  or  a  wire,  when  moderately  loaded,  is 
better  able  to  sustain  impact  than  when  without  load,  up 
to  a  certain  ratio  between  the  breaking  weight,  the  weight 
sustained,  and  the  weight  of  the  body  impinging ;  that  is, 
the  greatest  resistance  to  impact  is  when  the  weight  of 
the  load,  including  that  of  the  impinging  body,  is  equal 
to  one-third  of  the.  breaking  weight  of  the  beam  or  wire. 

An  idea  is  entertained  by  some  persons,  that  no  material, 
however  strong,  is  capable  of  sustaining  any  weight,  how- 
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ever  small,  for  ever,  but  that  the  material  is  constantly 
losing  its  sustaining  power,  or  is,  in  fact,  breaking  by 
imperceptible  degrees.  This  idea  is  borne  out  by  expe- 
rience in  cases  where  the  weight  sustained  is  not  constant, 
or  does  not  press  always  in  one  direction  ;  thus,  a  spring  is 
somewhat  broken  every  time  it  is  bent  But  such  decrease 
of  strength  either  does  not  take  place  in  regard  to  pressures 
not  approaching  the  breaking  weight  of  the  material,  and 
the  durection  of  which  is  not  changed,  or  so  slowly  that 
it  need  not  be  considered.  In  fact,  if  such  element  of 
calculation  were  admitted,  we  must  make  all  permanent 
structures  infinitely  strong. 

Experiments  tend  to  prove,  that  in  taking  one-third  of 
the  breaking  weight  as  a  safe  quantity  to  be  borne  by 
beams,  is  to  err  on  the  safe  side;  and  I  am  inclined  to 
think  it  would  be  abundantly  sufficient  that  the  breaking 
weight  of  a  beam,  carefully  ascertained,  be  equal  to  twice 
the  weight  which  would  ever  be  put  upon  it ;  but  as  vibra- 
tion produces  a  very  decided  effect,  such  limit  ought  not 
to  be  passed. 

The  general  rule  is,  to  make  a  beam  at  least  three  times 
as  strong  as  the  weight  it  has  to  carry.  This  appears  to 
have  arisen  from  an  idea  that  one-third  of  the  breaking 
weight  was  the  least  weight  which  would  produce  a  per- 
manent defect  of  elasticity  of  a  beam  that  is  *^  a  set"  Mr. 
Hodgkinson  has,  however,  shown,  that  much  less  than  one- 
third  the  breaking  weight  produces  a  permanent  set;  that, 
in  fact,  any  weight  laid  on  a  beam  produces  a  set,  though 
proportionately  small.  Any  deduction  from  the  production 
of  a  set  is  fallacious. 

It  appears  by  experiments  made  by  Colonel  Beaufoy, 
at  the  Dock  Yard,  at  Deptford,  that  the  deflections  of 
beams  of  oak,  fir,  and  pine,  were  very  nearly  in  the  ratio 
of  the  weights,  until  about  half  the  weights  had  been  laid 
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on,  after  which  they  became  raore  rapid ;  from  which  Mr. 
Barlow  seems  to  draw  the  conclusion,  that  a  piece  of  timber 
will  safely  bear  about  half  the  weight  which  is  necessary 
for  producing  its  ultimate  rupture.  I  should,  however,  men- 
tion, that  in  the  building  of  dwelling-houses,  the  strength 
of  the  beams,  and  the  consequent  dimensions,  must  not  be 
calculated  with  relation  to  the  breaking  weight,  but  to  the 
degree  of  flexure  of  the  beams  which  may  be  permitted 
without  endangering  the  ceilings  under  the  beam. 

Pillars  with  flat  ends  should  have  their  breaking  weights 
at  least  four  times  greater  than  the  weight  they  are  in- 
tended to  bear,  as  it  is  not  always  possible  to  ascertain 
that  the  ends  of  the  beam  are  properly  bedded,  or  that 
they  will  remain  so,  if  the  foundation  on  which  they  are 
placed  should  settle.  And  as  appears  from  Mr.  Hodgkin- 
son's  experiments,  a  pillar  with  rounded  ends  is  only  capable 
of  bearing  one-third  the  breaking  weight  which  a  pillar  with 
flat  ends  would;  and  a  pillar  improperly  fixed  has  its  strength 
reduced  at  least  to  that  of  a  pillar  with  rounded  ends, 
that  is,  one-third.  Therefore,  if  a  pillar  with  flat  ends  (and 
the  inferiority  of  pillars  with  rounded  ends  being  known, 
they  will  seldom  be  used)  have  not  its  breaking  weight 
three  times  greater  than  the  weight  to  be  borne,  any 
negligence  in  fixing,  or  settling  of  the  foundation,  might 
cause  the  pillar  to  be  broken  by  less  than  the  weight  it 
was  intended  to  support. 

Mr.  Ward  concluded  by  recommending  that  the  members 
of  the  Society,  especially  those  interested  in  mines  and 
maufactures,  should  preserve  the  records  of  such  struc- 
tures, beams,  or  pillars  as  might  be  broken  in  their  works, 
with  the  data  requisite  for  calculating  the  strength,  the  weight 
causing  fracture,  and  the  situation  and  the  time  which  the 
structure  had  stood  before  breaking,  in  order  to  furnish  more 
precise  knowledge  on  the  points  to  which  he  alluded. 
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The  following  Paper  was  then  read : — 

ON   THE   MORE    DISTINCTIVE    CHARACTERS  OF   ANIMALS  AND 
VEGETABLES.      BT    J.    D.    HBATON,    M.D.,    OF   LEEDS. 

The  object  proposed  in  this  paper  is  to  notice,  briefly^ 
the  various  particulars  in  which  animal  beings  are  regarded 
by  naturalists  as  most  remarkably  differing  from  those  which 
possess  the  inferior  organization  of  a  vegetable,  and  to 
show  that,  in  respect  of  each  of  these  distinctions,  excep- 
tional instances  occur  in  the  case  of  some  species,  so  that 
none  of  these  are  capable  of  affording  grounds  for  an 
exact  scientific  definition  between  the  two  great  kingdoms 
of  organized  nature,  and  that  such  a  definition  cannot  be 
established. 

1.  The  first  points  of  difference  mentioned  as  generally 
pevailing  between  plants  and  animals,  were  the  evident 
particulars  of /orm,  size^  and  duration  of  existence.  The 
animal  usually  presents  a  bilateral  symmetry  of  form,  being 
divisible  along  the  median,  line  into  two  halves  of  similar 
outline;  and  its  limited  number  of  similar  organs  and  parts 
entirely  differs  from  the  complex  and  irregular  branching 
of  a  plant.  But,  to  mention  no  other  exception  to  this 
general  rule,  the  ramified  form  of  Polypipher®,  entirely 
resembling  that  of  a  vegetable,  though  unquestionably  pos- 
sessing an  animal  nature,  sufficiently  shows  that  this  ground 
of  distinction  is  far  from  universal.  In  connexion  with  the 
more  definite  form  of  animals,  may  be  noticed  their  more 
limited  size  and  duration  of  existence.  A  forest  tree  may 
continue  to  live  and  flourish  for  centuries,  gradually  in- 
creasing in  size  throughout  this  long  period;  an  animal, 
on  the  other  hand,  soon  arrives  at  its  full  growth,  and  its 
entire  existence  is  limited  to  a  definite  period.  But  in  these 
respects,  likewise,  the  animal  zoophytes  entirely  depart  from 
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the  ordinary  rule  which  prevails  amoDgst  animals,  and  con- 
form to  that  of  vegetables. 

2.  These  more  external  differences  all  depend  upon  one 
circumstance,  viz.,  that  amongst  animals,  each  individual 
possesses  but  one  seat  of  independent  vitality,  and  is  hence 
mcapable  of  bebg  divided  into  parts,  each  of  which  shall 
continue  to  live  and  grow;  but  in  an  individual  plant,  the 
centres  of  vitality  are  greatly  multiplied  and  constantly 
multiplying.  Those  animals,  however,  which  resemble 
plants  in  the  particulars  above  mentioned,  resemble  them 
likewise  in  containing  numerous  centres  of  vitality  in  a 
single  individual. 

Animals  differ  from  plants  in  many  peculiarities  of  struo' 
ture  and  eompotition. 

3.  The  tissues  of  animals  differ  in  their  chemical  com" 
position  from  those  of  plants,  in  containing  a  considerable 
proportion  of  nitrogen,  in  addition  to  the  oxygen,  hydrogen, 
and  carbon  of  the  latter.  The  principles  stored  up  in  the 
tissues  of  plants  may  have  nitrogen  as  an  essential  consti* 
tuent ;  but  not  the  tissues  themselves.  But  this  very  general 
distinction  is  not  universal  The  vegetable  Fungi  contain 
nitrogen,  and  some  of  them  have  the  odour  of  animal  flesh ; 
on  the  other  hand,  the  animal  tissue  of  the  Frustulia  salina, 
a  zoophyte,  is  proved,  by  careful  analysis  by  Schmidt,  to 
resemble  a  vegetable  in  the  absence  of  nitrogen;  and  the 
same  is  true  with  regard  to  the  Cynthia  mammillaris,  a 
species  of  Ascidia,  and,  probably,  with  regard  to  many  other 
animated  forms. 

4.  The  physical  structure  of  animal  tissues  presents  the 
varieties  of  form  observed  in  microscopical  examination  of 
cellular,  muscular,  nervous,  and  the  other  tissues,  of  which 
the  entire  body  of  an  animal  is  made  up.  The  tissues  of 
plants  present  an  entirely  different  microscopical  appearance, 
and  much  more  simplicity  of  structure,  being  merely  modi- 
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fications  of  tubes  or  cells.  But  towards  the  bottom  of 
the  scale  of  organized  beings  we  find,  both  in  plants  and 
animals,  the  greatest  simplicity  of  structure,  and  in  each 
kingdom,  many  which  consist  only  of  an  aggregation  of 
cells.  A  large  proportion  of  cryptogamic  plants  have  this 
simple  structure ;  and  amongst  animals  may  be  mentioned  the 
different  species  of  Diatoma,  Fragillaria,  &c,  which,  from 
the  similarity  of  their  structure,  are  not  unfrequently  classed 
amongst  the  vegetable  Confervae,  but  which,  in  respect  of 
their  remarkable  powers  of  locomotion,  seem  to'  ckdm  the 
rank  of  animals.  Certain  species  of  Entozoa  have  an  equally 
simple  structure ;  the  same  is  true  with  regard  to  the  Cjmthia 
mammillaris,  mentioned  above.  In  the  mode  of  their  first 
development,  as  observed  by  Schleiden,  and,  subsequently, 
by  many  other  microscopical  physiologists,  all  the  tissues, 
both  of  plants  and  animals,  are  strikingly  similar.  Dr. 
Lindley  considers- the  presence  of  starch  granules  in  the 
tissues  of  plants  to  be  the  most  unexceptionable  mark  of 
their  vegetable  nature ;  but  it  is,  perhaps,  doubtful  whether 
starch  is  developed  in  all  beings  whose  vegetable  nature  is 
fully  acknowledged. 

Animals  difier  markedly  from  plants  in  some  of  their 
functions.  The  functions  of  vegetables  are  those  of  nutri- 
tion and  reproduction,  called  the  organic,  or  vital  functions ; 
animals  possess,  in  addition  to  these,  those  of  relation,  viz., 
sensation  and  motion.  This  is  what  Linnaeus  made  the 
ground  of  distinction  in  his  brief  statement,  ^<  Lapides 
crescunty  vegetahUia  crescunt  et  vivunty  animalia  crescuntj 
mount  et  sentiuntJ* 

5.  These  animal  functions  of  relation  are  performed 
through  the  agency  of  a  nervous  system^  in  the  possession 
of  which,  likewise,  animals  difibr  from  plants.  No  nervous 
system  has  ever  been  demonstrated  in  a  plant ;  some  fanci- 
ful botanists,  as  Braschet,  have  thought  that  they  discovered 
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in  the  pith  the  analogue  of  the  nertous  system  of  animals ; 
but  nothing  can  be  more  improbable;  and  many  perfect 
plants  contain  no  pith.  But,  then,  there  are  likewise  many 
animals,  e^.,  various  species  of  polyps,  in  which  no  nerrous 
system  bas,  as  yet,  been  discoyered. 

6.  With  respect  to  the  functions,  that  of  sentation^  in 
whateyer  organized  being  it  can  be  proved  to  exist,  may  be 
regarded  as  a  sufficient  proof  of  its  animal  nature ;  but  the 
difficulty  lies  in  the  proof.  In  invertebrated  animals,  we 
have  no  proof  of  their  possessing  sensation,  except  their 
movements  or  sounds,  when  painful  impressions  are  made 
on  their  bodies.  But  are  these  any  better  proof  of  sensation 
on  their  part,  than  are  the  curious  motions  of  the  sensitive 
plant,  and  several  other  evidently  vegetable  beings,  when 
struck  or  irritated?  Besides,  the  class  of  movements  to 
which  physiologists  give  the  name  of  reflex^  and  which 
cannot  be  distinguished  from  those  which  are  voluntary  and 
accompanied  with  sensation,  may  take  place  in  the  paralysed 
limb  of  a  human  being  deprived  of  all  sensation,  or  in  the 
body  of  an  animal  from  which  the  brain  has  been  removed ; 
even  in  the  tail  of  a  lizard  separated  from  the  body.  As 
we  cannot  prove  the  existence  of  sensation  in  all  animals, 
nor  even,  very  satisfactorily,  its  absence  from  all  vegetables, 
this  will  not  serve  as  a  distinctive  character. 

7.  Still  less  will  the  power  of  effecting  automatic  mave^ 
ments  serve  our  purpose;  for  we  see  this  existing  in  many 
plants,  as  the  Dionoea  muscipula,  the  Mimosa  sensativa,  the 
stamens  of  the  common  barberry,  the  stigma  of  various 
species  of  Mimulus,  &c.  Nor  yet  is  locomotion  an  animal 
characteristic  exclusively,  nor  invariably ;  zoophytes  are 
rooted  like  plants  to  submarine  rocks,  and  oysters  are 
chained  for  life  to  the  banks  on  which  they  grow ;  oppositely, 
some  of  the  lowest  vegetable  forms  present  strange  loco- 
motive movements  during  certain  periods  of  their  existence ; 
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the  Conferva  tribes  produce  reproductiye  spores,  which  swim 
actively  through  the  water  till  they  meet  with  a  convenient 
locality,  to  which  they  attach  themselves,  and  then  germinate 
and  grow  like  plants. 

8.  The  nutritive  functions  and  apparatus  in  animals  and 
plants  present  characteristic  differences^  The  presence  of 
a  digestive  sac,  or  stomach,  in  animals,  and  its  absence  from 
plants,  is  frequently  stated  as  one  of  their  most  exact  dis- 
tinctions ;  but  if  we  call  the  interior  of  the  membranous 
sac,  which  forms  the  entire  animal  in  the  case  of  the 
hydatid,  its  stomach,  the  cavity  of  a  vegetable  cell  seems 
to  have  an  equal  claim  to  this  distinction.  <*  It  is  impos- 
sible," says  Dr.  Lindley,  ^Uhat  the  whole  interior  of  a 
living  and  independent  cell  is  not  a  stomach."  With  this 
ground  of  distinction,  to  which  kingdom  would  the  Poriphera 
or  Sponges  belong? 

9.  The  chemical  action  of  animals  upon  the  air  is  likewise 
directly  opposed  to  that  of  plants.  Animals,  by  the  process 
of  respiration,  remove  oxygen  from  the  air,  and  substitute 
an  equal  volume  of  carbonic  acid.  Plants  decompose  car- 
bonic acid,  and  restore  the  pure  oxygen  to  the  air.  This 
is  a  very  general  distinction,  but  not  universaL  Amongst 
plants,  the  class  of  Fungi  form  a  striking  exception,  for  thej 
resemble  animals  in  their  action  on  the  lur;  on  the  other 
hand,  the  Frustulia  salina,  the  curious  zoophyte  before 
mentioned,  constantly  evolves  pure  oxygen ;  and  it  was  the 
observation  of  this  peculiarity  which  led  to  the  chemical 
analysis  of  its  tissue. 

10.  Lastly,  there  is  a  very  general  distinction  as  to  the 
nature  of  the  food  required  by  animals  and  by  vegetables. 
Vegetables  convert  inorganic  matter  into  the  substance  of 
their  own  tissues;  animals  can  derive  support  only  from 
organized  substances,  or  organic  principles.  But  this 
general    rule    is    not    entirely   without    exception:    water. 
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common  salt,  and  some  other  mineral  salts,  are  necessary 
ingredients  in  the  food  of  animals;  and,  amongst  plants, 
the  class  of  Fungi,  anomalous  in  so  many  respects,  are  so 
likewise  in  this,  that  they  feed  upon  organic  principles 
contained  in  decaying  organized  substances. 

Some  few  other  points  of  comparison,  or  contrast,  between 
the  animal  and  vegetable  kingdoms,  might  be  gathered,  but 
these  seem  to  be  the  chief;  and  a  review  of  the  whole  serves 
only  to  establish  the  original  statement,  that  no  exact  limita- 
tions can  be  laid  down  as  the  boundaries  of  these  kingdoms  ; 
that  the  characters  of  one  are  imitated  by  beings  belonging 
to  the  other.  Species  alone  seem  to  be  exactly  defined 
in  nature.  All  groups,  including  several  species  arranged 
together  for  systematic  purposes,  insensibly  glide  into  each 
other;  in  the  words  of  Linnaeus,  ^^'Natura  non  faeit  saUus." 


The  Chairman  then  called  upon  Mr.   Thorp  to  read 
L  his  Paper : 

ON     THE     VENTILATION     OF     COAL    MINES.        BY     THE     REV. 
WILLIAM   THORP,    OF  WOMERSLEY,    NEAR   PONTBFRACT. 

I  shall  make  no  apology  for  the  introduction  of  this  subject 
before  the  Geological  and  Polytechnic  Society,  as  it  is  certain 
that  the  person  who  would  discover  any  safer  modes  of  ven* 
tilation,  or  even  any  additional  precautions  to  those  now  in 
use,  and  should  succeed  in  having  them  generally  adopted, 
would  be  for  ever  conferring  a  lasting  benefit  upon  the  mass 
of  our  mining  population. 

Nothing  can  be  more  simple  than  the  principle  upon  which 
coal  mines  are  ventilated.  Atmospheric  air  descending  by 
one  shaft,  called  the  downcast  shaft,  is  made  to  circulate 
through  the  subterranean  workings,  and  to  ascend  at  another 
shaft,  called  the  upcast  shaft.     The  ascending  current  of  air 
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is  rarefied  and  made  specifically  lighter  than  the  descending 
current,  whether  by  the  men  and  animals  in  the  pit,  the  natural 
temperature  of  the  mine  itself,  or  by  a  fire  placed  in  the 
upcast  shaft.  And  the  eflSciency  of  the  ventilation  of  the 
mine  will,  ceteris  paribusy  be  in  proportion  to  the  heat  of  the 
ascending  current  in  the  upcast  pit  By  the  experiments  of 
Gay  Lussac,  100  parts  of  atmospheric  air,  heated  from  32* 
to  212%  expand  137.5  parts;  or  180**  of  heat  expands  it 
about  one-third.  The  rate  of  expansion  or  rarefaction  is 
not  exactly  equal  for  equal  increments  of  heat,  but  on  an 
average  is  ^J^  of  its  bulk  for  each  degree  of  Fahrenheit. 
If  heat  be  communicated  to  a  particle  of  air,  a  change  with 
respect  to  that  particle  takes  place  in  the  following  manner : 
it  becomes  expanded  and  increased  in  bulk  but  not  in  weight, 
and  in  consequence  rises  from  among  the  other  particles,  and 
ascends  upwards.  The  moment  its  gravity  becomes  altered, 
and  in  consequence  is  rendered  specifically  lighter  than  the 
surrounding  particles,  it  ascends  and  passes  upwards  through 
the  surrounding  particles.  And  the  moment  any  particle  or 
portions  of  air  have  moved  upwards  from  what  heated  it, 
their  places  are  taken  by  other  portions  coming  out  of  the 
interior  of  the  coal  mine;  which  last  portions,  undergoing 
the  same  change,  ascend  in  like  manner,  having  their  places 
taken  by  other  particles  ;  and  this  alteration  continues  with  a 
rapidity  in  proportion  to  the  heat  communicated,  whether  the 
heat  be  that  of  human  bodies,  stoves,  fires,  &c.  If  air  be 
heated  to  572%  it  will  be  half  the  weight  of  that  at  60%  and 
the  downward  pressure  equal  to  7^  lbs.  per  inch,  into  the 
downcast  shaft. 

It  becomes,  therefore,  an  object  of  the  first  importance  to 
obtain  a  rapid  and  warm  current  of  air  in  the  upcast  shaft, 
and  for  this  purpose  a  fire  is  placed  in  all  mines  with  extensive 
workings  at  the  bottom  of  the  upcast  pit ;  and  here  occurs  a 
difficulty  not  usually  acknowledged  by  the  viewers  and  over- 
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lookers  of  collieries.  To  afford  as  good  a  ventilation  of  a 
mine  as  the  circumstances  will  admit,  does  not  allow  of  a  fire 
of  any  size  to  be  placed  at  the  bottom,  sometimes  merely  in 
a  fire  pan,  or  in  a  grate  of  any  size ;  but  the  dimensions  of 
the  fire  and  fire  place  must  be  in  proportion  to  the  area  of 
the  shaft  through  which  the  ascending  current  of  air  has  to 
rise,  otherwise  the  fuel  in  the  grate  not  being  sufficient  to 
rarefy  the  whole  portion  of  air  in  the  fluQ,  the  rising  current 
of  heated  air  is  met  by  a  descending  current  of  cold  air,  and 
the  circulation  is  thereby  impeded.  This  is  a  common  defect 
in  the  construction  of  house  chimneys,  and  the  smoke,  met 
by  the  descending  current,  is  borne  back  into  the  room. 
Tredgold's  rule  for  the  orifices  of  chimneys  according  to  the 
height  and  magnitude  of  the  fire  place  is  equally  applicable 
to  the  ^cast  shaft  of  collieries,  viz.,  to  multiply  by  17  the 
length  of  the  fireplace  in  inches,  and  divide  by  the  square 
root  of  the  height  of  the  chimney  (above  the  grate)  in  feet, 
and  the  quotient  is  the  area  in  inches  for  the  aperture  of  the 
chimney.* 

I  know  of  no  colliery  where  these  conditions  are  fulfilled 
with  regard  to  giving  full  efiect  to  the  first  force  of  ventila- 
tion, for  although  it  may  be  necessary  to  use  the  upcast  shaft 
for  other  purposes,  still  if  one  fire  is  not  large  enough,  other 
furnaces  might  be  added. 

The  mode  in  which  the  subterranean  ventilation  is  efiected 
necessarily  depends  upon  the  plan  on  which  the  coal  is  ex- 

*  Example. — For  a  grate  18  inches  wide  :— 

The  chimney,  if  36  feet  high,  should  only  have  an  aperture  of  51  inches  area, 
t.  e,  about  7  inches  square. 

18  X  17  =  306  -r  (  V^36  «  6)  =  51  inches. 
A  fire  at  the  bottom  of  a  pit,  having  a  fire-plaoe  12  feet  or  144  inches  wide  :— 
The  chimney,  300  feet  high  (100  yards)  requires  an  aperture  of  only  144 

inches,  or  1  foot  square. 
Therefore  two  fires,  as  at  Haswell,  or  three  fires,  would  be  required  for  shafts  of 
8  feet  diameter,  and  100  yards  in  depth. 
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cavated.  In  Yorkshire,  coal  is  wrought  io  what  is  called  the 
long  method.  In  Durham  and  Northumberland,  now  chiefly 
in  panel-work,  the  air  being  "  coursed^*'  up  and  down  each 
panel,  and  then  from  one  panel  to  another. 

There  are  two  modifications  of  the  Yorkshire  or  long 
method,  used  according  as  the  mine  abounds  in  fire-damp, 
the  nature  of  the  roof,  &c.  One  is  with  single  board-gates, 
the  air  being  drawn  from  one  to  another  across  the  benks 
where  the  men  are  working,  and  is  used  where  there  is  little 
fire-damp.  Another  with  double  board-gates,  the  air  being 
coursed  up  one  and  down  another,  and  drawn  across  the 
benks  where  the  men  are  working.  There  is  another  differ- 
ence in  working  the  benks ;  one  is  to  begin  at  the  far  end  of 
the  works  or  towards  the  basset  of  the  coal,  and  work  it  out 
down  towards  the  pits  sunk ;  and  the  other  to  begin  ^ear  the 
levels,  and  work  towards  the  basset.  In  some  pits,  also,  the 
whole  of  the  air  coming  down  the  downcast  pit,  is  sent  in  one 
body  round  the  whole  of  the  workings ;  in  others,  one-half 
goes  on  one  side  of  the  pit,  and  the  other  half  on  the  other. 

It  may  be  true  that  each  of  these  methods,  used  only 
where  each  ought  to  be  used,  may  be  safe,  and  that  many 
collieries  in  Yorkshire  have  for  years  been  worked  under 
them  without  any  accident;  but  this  does  not  prove  that, 
either  of  these  systems  is  the  best,  provided  any  other  can 
be  shown  to  be  safer  and  equally  practicable.  The  great 
objection  to  the  Yorkshire  system  is,  that  where  the  whole 
air  sent  down  ventilates  in  one  body  the  whole  mine,  if  a 
considerable  explosion  takes  place  in  any  part  of  it,  nearly 
the  whole  of  the  persons  usually  perish ;  the  ventilation  is 
stopped,  and  those  who  are  not  burnt  or  killed  by  the  force 
of  the  explosion,  are  suffocated  for  the  want  of  pure  air. 
The  same  objection  applies,  though  with  less  force,  where 
the  air  is  divided  only  into  two  parts ;  the  persons  in  the 
one-half  exploded  must  nearly  all  perish. 
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To  the  late  Mr.  Buddie,  of  Newcastle,  the  British  nation 
ifl  under  the  greatest  obligations  for  devising  a  new  system  of 
working  coal  mines  in  panel-worL  For  instead  of  carrying 
on  the  coal  field  winning  in  one  extended  area,  it  is  divided 
into  quadrangular  panels,  each  containing  an  area  of  from 
eight  to  twelve  acres,  and  round  each  panel  is  left  at  first  a 
solid  wall  of  coal  from  forty  to  fifty  yards  thicL  Through 
the  panel  walls,  roads  and  air  courses  are  driven,  in  order  to 
work  the  coal  contained  within  each.  Thus  all  the  panels, 
as  to  roads  and  ventilation,  are  connected  together  with  the 
shaft  The  pillars  are  twelve  yards  broad,  and  twenty-four 
yards  long,  the  boards  four  yards  wide,  and  the  thirlings  or 
sfits  from  one  board  gate  to  another  only  five  feet  wide,  for 
the  purpose  of  ventilation. 

The  advantages  of  this  method  are : — 

1.  That  the  large  solid  walls  round  each  panel  keep  off 
the  pressure  from  the  contained  coal. 

2.  That  if  any  casualty,  as  to  falls,  crushes,  ventilation, 
or  explosion  occurs,  the  locality  of  the  accident  is  at  once 
known.  When  the  air  is  coursed  some  twenty  or  thirty  miles, 
if  the  ventilation  becomes  obstructed,  as  is  usual  in  an  ex- 
plosion, it  is  not  easily  possible  to  determine  where  the 
disaster  occurs. 

3.  If  there  be  an  explosion,  it  will  be  chiefly  confined  to 
the  panel  where  it  occurs,  and  any  irruption  of  water  can,  if 
necessary,  be  confined  in  the  panel. 

In  the  North  of  England  it  has  been  lately  discovered  that 
the  quantity  of  air  introduced  by  a  shaft  of  given  magnitude 
can  be  very  much  increased  by  dividing  the  underground  cur- 
rent into  several  currents,  each  taking  a  different  direction ; 
the  length  of  the  air-courses  in  well  managed  mines  has  been 
greatiy  reduced,  and  is  now  rarely  more  than  three  or  four 
miles,  whilst  formerly  the  air  had  to  pass  from  fifty  to  seventy 
miles  between  the  upcast  and  downcast  shafts.    It  is,  there- 
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fore,  confidently  recommended  that  an  air-drift  should  be  made 
from  each  separate  panel,  communicating  with  the  bottom  of 
the  downcast  shaft.  Now  the  advantage  of  this  is  manifest, 
for  besides  the  greater  quantity  of  air  actually  introduced  by 
thus  splitting  the  current,  the  destruction  of  life  consequent 
upon  an  explosion  is  thereby  diminished,  provided  the  panels 
are  of  moderate  size  and  do  not  communicate  with  one  ano- 
ther, as  to  render  it  impossible  to  escape  to  the  bottom  of  the 
pit  without  passing  through  air  affected  with  the  after  damp. 
It  may  be  true  that  to  split  the  current  weakens  the  force  of 
it,  but  it  does  not,  if  the  distance  to  be  travelled  is  shortened, 
for  the  sum  of  the  velocity  of  the  divided  currents  (and, 
therefore,  the  quantity  of  air  admitted  into  the  mine)  will 
be  much  greater  than  that  of  the  whole  united  current, 
since  the  fire  is  exerted  in  a  great  ratio  upon  the  shorter 
distances. 

It  is  an  easy  thing  to  have  rapid  currents  in  the  larger  air 
oourses,  but  the  difiiculty  is  to  have  currents  of  pure  air  in 
the  benks,  slits,  thirlings,  &c. ;  and  the  further  distance  any 
air  travels  the  more  impure  it  becomes,  because  it  is  progres- 
sively collecting  bad  air. 

In  order  to  divide  the  air,  and  use  it  in  the  workings  in 
separate  divisions,  and  in  the  long  or  Yorkshire  method, 
several  plans  might  be  adopted.  Suppose  there  are  24  befdis 
on  each  side  of  the  pits  to  be  ventilated,  on&-half  of  the  air 
would  go  to  those  on  the  one  side,  and  the  other  half  to  the 
other.  These  halves  might  again  each  be  sub-divided  into 
three  portions,  so  that  eight  benks  would  be  ventilated  by 
every  one  of  the  sub-divisions.  (  See  plate  L)  The  air  would 
thus  be  divided  into  six  portions,  each  serving  and  ventilating 
its  own  compartment ;  and  if  an  accident  should  occur  in  one, 
only  the  persons  suffer  which  are  in  it,  and  the  air  will  be 
renewed  six  times  in  a  given  time,  instead  of  once,  as  on  the 
present  system.     The  only  objection  is  the  small  expense  of 
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laying  a  double  tramway  (and  a  triple  one  for  a  short  distance) 
in  tbe  upper  level ;  and  also  of  dividing  the  lower  level  into 
three  roads  and  two  roads,  instead  of  one.  The  plan,  of 
course,  might  be  modified,  but  I  contend  for  the  principle  as 
being  the  best  and  only  safe  one,  and  it  is  equally  applicable 
in  long-work  as  in  panel-work.  And  if  the  upper  level,  con- 
taining the  returning  currents,  be  divided  as  in  the  plate,  an 
additional  security  would  be  obtained,  and  any  accident  could 
not  possibly  involve  the  whole  mine. 

It  is  certain  that  if,  at  the  Oaks  Pit,  near  Bamsley,  where 
73  persons  were  destroyed  a  few  days  ago,  there  had  been 
a  separate  air  course  from  the  downcast  pit  to  the  workings 
south  of  the  throw,  a  great  many  lives  might  have  been  saved. 
At  the  Has  well  Colliery,  in  the  explosion,  (Sept  28,  1844,) 
where  95  persons  were  killed,  it  is  said  that  if  the  panel  of  the 
Brockley- Whins-working  had  been  a  separate  air  course  from 
the  downcast  pit,  30  persons  at  least  would  have  been  saved, 
and  who  were  not  very  near  the  place  where  the  mine  exploded. 

It  is  maintained  by  some  that  by  beginning  at  the  far  end, 
as  it  is  called,  and  working  backwards,  or  in  the  direction  of 
Mie  dip  of  the  coal,  the  fire-damp  is  left  behind  in  the  waste 
or  goaf;  whereas  if  the  workings  be  pursued  from  the  levels 
of  the  pit  towards  the  rise,  the  gas  follows  the  workmen  up 
the  goaf,  and  becomes,  towards  the  finishing  of  the  workings, 
a  dangerous  magazine  of  explosive  mixture. 

It  does  not,  however,  seem  capable  of  *))roof,  that  after  the 
coal  has  been  worked  out,  there  can  be  any  difference  in  the 
state  of  the  goaf,  u  e.  whether  the  coal  has  been  worked  from 
dip  to  rise,  or  from  rise  to  dip.  The  roof  will  fall  in  to  the 
same  amount,  and  in  the  same  form  and  shape  in  both  ways ; 
and  when  the  excavations  are  completed,  will  rise  to  the 
highest  portions  of  the  goaf. 

The  accidents  in  the  Bamsley  or  Thick  Coal  have  arisen 
chiefly  from  using  single  board-gates,  when  the  circumstances 
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of  the  mine  required  double  ones ;  for  when  the  latter  are 
used  and  kept  well  in  advance  of  the  benks,  they  will  nearly 
drain  that  coal  of  its  gas  before  the  hewers  in  the  benks  come 
behind.  For  the  ^^slines"  of  the  coal  (lines  of  cleavage 
running  in  the  direction  of  the  *^ end"  or  nearly  north  and 
south),  and  which  always  contain,  especially  in  this  seam, 
large  quantities  of  gas,  are  thus  previously  intersected  and 
relieved  before  the  following  up  benks  arrive,  so  that  there 
is  less  gas  comes  out  of  the  face  of  the  coal,  and  less  to 
escape  into  the  goafs.  But  if  single  board-gates  are  used  at 
40  or  50  yards  apart,  they  cannot  be  kept  much  in  advance 
of  the  working  of  the  benks,  (simply  because  their  intercom- 
munication is  by  means  of  the  benks,)  and,  therefore,  the 
9lines  cannot  be  cut  across  much  in  advance  of  the  mein 
workings,  and  where  there  is  much  gas  the  accumulations 
in  the  goafs  thus  become  very  dangerous.     See  Plate  IL 

There  is  no  person  who  understands  better  the  ventilaticm 
of  the  Bamsley  or  Thick  Coal  than  Mr.  Sutcliffe,  the  in- 
telligent manager  of  the  Gawber  Hail  Colliery ;  and  he  has 
both  the  single  and  double  board-gates  used,  according  as 
certain  localities  of  the  mine  are  more  or  less  affected  with 
gas.  He  has  also  a  most  excellent  mode  of  ventilating  his 
goafs,  and  which  is  directly  opposed  to  that  now  so  prevalent 
of  keeping  the  air  '<  dead*'  in  them ;  and  it  is  to  leave  all  the 
^'  slits*'  open  into  the  goafs  on  the  windward  side,  and  all 
walled  up  on  the  leeward  side,  excepting  the  one  in  use  and 
the  one  next  to  it,  which  last  is  kept  partially  open.  Thus 
the  upper  end  of  every  goaf  and  next  the  workmen  is  always 
free  comparatively  of  fire  damp,  according  as  the  general 
circulation  of  the  mine  will  permit.  As  a  proof  of  the 
excellency  of  Mr.  Sutcliffie's  plan,  and  the  general  care 
which  he  has  exercised  over  the  colliery,  he  has,  at  all  times, 
this  pleasing  and  very  solacing  reflection,  that  in  a  period  of 
twenty^four  years>  in  a  most  extensively  worked  colliery,  he 
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has  only  lost,  by  the  effects  of  fire  damp,  one  man  I  while  in 
the  neighbouring  pits  in  the  same  coal  there  have  been  lost 
as  follows : — 

Oaks  Pit    •».. 72,  and  3  at  a  former  explosion. 

Messrs.  Horsfall's 6>  and  3  ditto. 

Worsbro' Park 10 

Messrs.  Day  and  Twibell's  15 
Messrs.  Hop  wood's   3  at  least. 

Total  112 

But,  nevertheless,  double  board-gates  are  not  sufficient  for 
every  seam  of  coal,  since  they  are  in  general  use  in  nearly 
all  mines  in  Yorkshire,  excepting  the  Bamsley  or  Thick 
CoaL  They  are  in  use  at  Mr.  Smithson's  Colliery,  near 
Wakefield,  yet  not  one  candle  is  allowed  to  be  used  in  that 
pit.  If  a  seam  be  full  of  ^^slines,'*  they  may  be  sufficient; 
but  in  several  beds,  the  Haigh  Moor  especially,  there  is 
much  gas  in  the  stone  roof.  Other  coal  beds  have  gas  in 
the  cells  of  the  coal  itself;  and  others  again  have  very  few 
partings  or  divisions.  And,  therefore,  separate  air  courses, 
with  separate  roads  for  returning  currents  of  air,  are  required, 
just  as  much  as  several  separate  main  drains  will  unwater  an 
estate  better  than  one  circuitous  and  meandering  one  can 
possibly  effect. 

Owing  to  the  fire-damp  being  lighter  in  weight  than 
atmospheric  air,  there  is  a  constant  tendency  of  this  gas, 
(particularly  if  the  coal  bed  rises  at  an  acute  angle,)  to  creep 
along  the  roof  to  the  upper  and  higher  portions  of  the  ex- 
cavated mine,  and  thereby  accumulating  to  form  a  most 
dangerous  magazine.  Nearly  one-half  of  the  explosions 
which  occur  are  from  accumulations  in  the  goaf,  either  firom 
gas  arising  there  spontaneously,  or  by  its  having  drained 
there  from  other  parts  of  the  mine;  and  these  goafs  become 
sources  of  great  danger,  because  they  are  always  ready  to 
add  the  contents  of  their  reservoir  to  any  small  explosion 
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near  them,  or  to  send  fortb  their  gases  upon  any  change  in 
the  atmospheric  pressure  around  them. 

To  understand  the  danger  of  goafs  it  is  necessary  to  know 
that  fire-damp  is  a  compound  of  hydrogen  and  carbon,  or 
one  volume  of  vapour  of  carbon  and  two  volumes  of  hydrogen 
condensed  into  one  volume.     Thus  in  numbers : — 

Specific  Gnvity. 

1  volume  of  gaseous  carbon  =  0.4166  0.75=1  prime. 

2  „        hydrogen =0.1388(0.125  x  2)=0.25  =  2    „ 

0.5554  1.00 

This  explosive  mixture  sometimes  also  contains  a  small 
quantity  of  defiant  gas  and  of  sulphuretted  hydrogen  gas, 
and  the  mixture  when  pure  is  about  half  the  weight  of  that 
of  air;  and,  as  Sir  H.  Davy  has  stated,  any  mixture  of  air 
containing  from  ^  to  t^  of  the  gas  will  explode.  These 
mixtures  are  from  6  to  17  times  greater  in  volume  than  the 
fire-damp  in  them,  and  evidently  not  much  lighter  than  air, 
(0.91  and  0.96.)  Hence  to  take  away  one  cubic  foot  of  fire- 
damp, is  to  prevent  the  formation  of  from  6  to  15  feet  of 
explosive  mixture.  When  sub-carburetted  hydrogen  is  mixed 
with  twice  its  volume  of  oxygen  and  exploded,  we  obtain 
exactly  its  own  bulk  of  carbonic  acid,  while  water  is  precipi- 
tated, so  that  a  perfect  choke-damp  is  formed  by  the  explosion. 
Of  the  two  volumes  of  oxygen,  one  remains  gaseous  in  the 
carbonic  acid,  and  another  is  condensed  with  two  volumes  of 
hydrogen  into  water. 

The  explosion  at  Haswell  was  from  the  firing  of  a  goaf 
13  acres  in  extent,  the  thickness  of  the  seam  of  coal  being 
6ji  feet;  and  as  the  country  had  not  generally  sunk  in,  there 
was  supposed  to  have  been  left  a  vault  5^  feet  high,  and  13 
acres  in  extent.  The  coal  seam  was  not  quite  horizontal, 
but  rose  1  in  24.  Messrs.  Lyell  and  Faraday  suppose  that 
at  the  lower  edge  of  this  goaf  nothing  but  air  might  be 
present,  and  likewise  for  a  considerable  distance  up  into  the 
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Tault ;  yet  at  the  upper  edge,  a  mixture  of  gas  and  air,  and 
even  a  highly  ezpIosiTe  mixture,  might  be  escaping :  That 
in  mines  subject  more  or  less  to  fire-damp  these  goafs  give 
out  gas  into  the  workings  by  a  gradual  underflow  in  smaller 
or  larger  quantities  under  ordinary  circumstances ;  and  some^ 
times  suddenly,  and  in  great  proportions,  on  extraordinary 
occasions :  That  the  fire  at  Haswell  took  place  close  to  the 
goaf  of  the  Meadows  working,  the  issue  of  gas  being  probably 
caused  by  an  extensive  falling  in  of  a  considerable  area  to 
the  surface,  and  that  the  goaf  of  the  High  Brockley  Whins 
working  increased  the  conflagration. 

At  tiie  Oaks  Pit,  near  Bamsley,  the  explosion  took  place 
from  a  goaf  of  about  three  acres,  although  the  Pit  has  only 
been  working  three  years,  and  there  are  not  yet  excavated 
above  twelve  acres.  A  man  was  working  within  sixteen 
yards  of  this  goaf  known  to  be  full  of  inflammable  air,  with 
a  naked  candle;  and  it  appears  from  the  evidence  at  the 
inquest,  that  he  had  gone  towards  it  with  his  candle,  for  he 
was  found  dead  half  way  between  the  place  of  working  and 
the  goaf.  About  one-half  of  the  persons  were  either  burnt  to 
death,  or  killed  by  the  violence  of  the  explosion ;  the  other 
half,  or  at  least  one-third,  were  suffocated  by  the  after-damp 
or  carbonic  acid  formed  from  the  explosive  mixture. 

The  explosion  at  Mr.  Horsfall^s  Pit,  in  Worsbro'-dale,  is 
another  recent  example  of  the  danger  of  goafs. 

Sudden  irruptions  of  gas  from  goafs  into  the  workings 
may  be  produced  by  three  causes. 

1.  If  the  goaf  cavity  is  full  to  the  highest  edge  level,  the 
mechanical  fall  of  the  roof  will  drive  some  portion  of  gas  or 
mixture  into  the  workings  of  the  mine. 

2.  As  named  by  Mr.  Buddie  before  the  Committee  of  the 
House  of  Commons  in  1835,  that  gas  from  an  upper  seam 
of  coal,  when  the  strata  fall  in  and  fill  up  the  goaf,  is  often 
emitted  downwards. 
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3.  From  a  low  state  of  the  barometer*  Mr.  Buddie  stated 
that  accidents  firom  fire  damp  alw&ys  occur  with  a  low  baro- 
meter. In  the  Haswdl  High  Meadow  goaf  of  thirteen 
acres,  supposing  the  area  above  not  to  have  tumbled  in» 
and  the  whole  coal  space  em^ijy  a  fall  of  ^^  of  an  inch 
in  the  barometer  would  have  forced  out  7.550  cubic  feet 
of  gas  below  the  edge  of  the  goaf.  Again,  suppose  that 
the  ground  above  had  fallen  in  so  as  to  leave  the  air  space 
in  the  goaf  not  more  than  one-quarter  of  the  volume  of  the 
codl  removed,  a  fall  of  ^^^  of  an  inch  would  still  permit  1.887 
cubic  feet  to  issue  forth.  Hence  the  goaf,  in  connection  with 
barometric  changes,  ought  to  be  carefully  attended  to. 

The  method  of  working  the  coal  so  as  to  ^*  leave  the 
air  (gas)  dead,"  is  now  much  pursued  in  Yorkshire.  It 
consists  in  the  admission  of  as  little  atmospheric  air  as 
possible  into  the  goaf,  and  of  confining  it  to  the  iaces  of 
the  coal,  and  other  parts  of  the  mine  where  the  men  are 
working.  The  goaf  is  made  to  follow  immediately  upon 
the  heels  of  the  workmen,  and  all  the  slits  or  inlets  into  it 
are  unmediately  walled  up,  so  as  to  exclude  the  entrance  of 
air.  The  principle  upon  which  this  plan  is  accounted  to  be 
safe  is  this: — That  fire-damp  will  not  explode  without  a 
certain  admixture  of  atmospheric  air,  as  before  stated ;  so 
that  a  candle  may  be  placed  inside  of  a  gasometer,  and  it 
wiU  immediately  be  extinguished ;  and  it  is  said  that  streamers 
of  gas  issuing  from  goafs  thus  conducted  into  the  aiivpassages 
will  readily  ignite,  but  not  explode  the  goaf  itself. 

If  the  fire-damp  were  not  an  elastic  fluid,  and  did  not 
expand  from  the  causes  before  detailed,  and  could  always 
be  restrained  within  the  limits  of  the  goaf,  then  this  plan 
would  be  perfectly  safe.  But,  as  occurred  at  the  gas  works 
at  Bamsley,  in  repairing  a  drain  near  the  gasometer,  owing, 
perhaps,  to  a  low  barometric  pressure,  the  gas  becoming  more 
mixed,  ignited  the  great  mass,  blew  up  the  place  and  the  man 
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who  fired  it  to  atoiki8»  the  report  being  heard  several  miles. 
And  if  an  explosion  to  a  moderate  amount  should  occur, 
thede  goafs  add  their  accumulated  reserToirs  to  the  general 
confiagratiim.  For  at  any  explosion  the  fire^lamp  suddenly 
and  violently  expands  to  tkreeHind-arhalf  times  its  former 
bulk ;  pressing  equally  on  all  sides,  it  drives  the  gases  out 
of  Ae  goafis  wherever  its  influence  is  exerted, — ^blows  down 
everjrthing  before  it, — and  expends  its  force  where  there  is 
the  least  pressure, — and  usually  makes  an  exit  at  one  or  both 
of  the  shafts*  The  state  of  a  colliery  in  such  circumstances 
was  significantly  described  to  me  by  Mr.  Oooddison,  (Mr* 
Charlesworth's  viewer,)  by  saying  ^*  It  was  always  to  keep 
our  gunpowder  too  damp  to  take  fire."  <^  Tes,"  said  I^ 
*^  but  if  it  should  become  dry  enough,  or  if  a  partial  explosion 
forces  your  gunpowder  out  of  its  magazine,  it  at  once  dries 
and  ignites  it,  and  a  gena'al  conflagration  is  inevitable." 
Besides,  it  is  impossible  to  keep,  or  know  that,  the  firedamp 
in  these  places  always  contains  less  than  |  of,  or  more  than 
\i  of  atmospheric  air ;  or  whether  it  is  in  an  inflammable 
state  or  not.  In  mines  thus  ventilated,  no  naked  candles 
should  be  permitted. 

There  is  one  more  source  of  danger  frequently  occurring 
in  coal  just  laid  bare,  and  particularly  in  the  neighbourhood 
of  small  faults,  that  is,  from  sudden  small  outbursts  of  gas, 
called  blowers.  The  explosion  at  Killingworth,  on  the  16th 
of  April,  1845,  is  an  example.  These  blowers  give  no  notice 
of  their  approach,  and  frequently  emit  during  the  night,  &c.) 
a  very  considerable  quantity  of  gas.  It  is  usual,  in  board* 
gates,  for  the  men  to  fire  the  gas  which  has  thus  accumulated ; 
but  in  the  neighbourhood  of  goafs,  or  when  the  whole 
ventilation  of  the  pit  is  not  very  perfect,  it  is  a  dangerous 
experiment. 

In  conclusion,  I  beg  leave  to  suggest  some  methods  which 
are  calculated  to  diminish  the  risk  of  accident 

i.  I  am  firmly  convinced  that  no  great  improvement  *can 
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take  place  in  coal-working  generally  without  Government 
surveillance.  The  trade  is  hardly  now  remunerative;  all 
are  struggling  to  bring  coal  into  the  market  at  a  low  price, 
and  such  a  state  of  things  is  not  likely  to  foster  any  improve- 
ment ;  but  the  lives  of  thousands,  and  the  well-being  of  the 
population  of  large  districts,  are  involved,  and  it  is  the  duty 
of  Government  to  watch  over  and  protect  these.  An  absolute 
rule,  therefore,  ought  to  be  made,  that  the  ventilation  in 
every  individual  mine  in  the  kingdom  should  be  conducted 
on  the  best  principles  known ;  and  the  safety  of  those  em- 
ployed should  be  secured  by  insisting  upon  all  reasonable 
means  of  preventing  accidents,  and  which  should  be  equally 
enforced  upon  all. 

2.  The  size  of  the  furnace  should  bear  some  proportion  to 
the  area  of  the  upcast  shaft.  This  fire  being  the  prime  mover 
of  the  ventilation,  will,  if  duly  proportioned  to  the  chimney, 
produce  accelerated  velocities  of  the  air  in  different  parts 
of  the  mine.  It  would  be  impossible  to  work  1000  acres 
with  a  single  pair  of  shafts,  as  in  the  North  of  England, 
if,  as  is  frequently  the  case  in  Yorkshire,  a  small  fire  is 
placed  at  the  bottom  of  a  deep  shaft  used  as  a  drawing 
pit,  and  from  eight  to  ten  feet  in  diameter.  A  register 
of  the  velocity  of  the  air,  measured  by  an  anenometer,  going 
into  the  workings  and  coming  out  of  the  upcast  shaft,  ought 
to  be  daily  made  and  kept. 

3.  To  work  detached  portions  of  coal  of  a  moderate  size, 
so  that  no  air  course  shall  be  of  greater  length  than  four 
miles.  Professor  Anstead  says  that  this  plan  is  now  adopted 
in  all  the  best  regulated  collieries  of  the  Newcastle  coal- 
field, and  I  am  certain  it  might  be  so  with  equal  advantage 
in  Yorkshire.  If  the  work  be  not  pursued  in  panels,  it  is 
nevertheless  easy  to  have  separate  air  courses  to  and  from 
different  portions  of  the  mine.  The  air  road  itself  costs 
nothing,  and  is  paid  for  by  the  coal  taken  out  Suppose  the 
whole  body  of  air  admitted  by  the  downcast  pit  has  to  travel 
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sixty  miles  at  tbe  rate  of  tbree  miles  per  hour,  it  will  be 
twenty  bours  before  it  can  escape  at  tbe  upcast  pit.  But 
if  tbe  same  be  split  into  six  currents,  eacb  will  only  travel 
ten  miles,  and  at  tbe  same  rate  will  be  detained  in  tbe 
mine  little  more  tban  tbree  bours.  Besides,  so  conducted, 
a  general  explosion  is  impossible. 

4.  Tbe  dangerous  nature  of  tbe  different  goafi  in  a  mine, 
requires  mucb  greater  caution  tban  is  usually  given  respecting 
tbem.     Tbeir  boundaries  may  vary  from — 

1.  Atmospberic,  or  barometrical  cbanges. 

2.  Falls  of  tbe  ground,  or  extensive  ground  weigbts, 

as  called. 

3.  From  irruptions  of  gas  out  of  a  superior  seam  of 

coal,  bowever  tbin. 

4.  From  a  gradual  rising  of  tbe  gas  towards  tbe  upper 

and  more  elevated  portions  of  tbe  mine. 

One  side  of  tbe  goaf  must  necessarily  be  open,  and  it  is 
requisite,  tberefore,  tbat  an  active  ventilation  be  enforced 
against  or  adjoining  tbose  portions  whicb  are  exposed  to- 
wards tbe  works,  and  in  tbe  next  place,  tbat  periodically, 
tbe  precise  boundary  of  tbe  inflammable  air  be  remarked 
and  regutered.  A  very  simple  way  of  examining  tbe  air 
in  goafs,  is  by  baving  a  bottle  of  the  capacity  of  tbree  or 
four  quarts,  made  of  tin,  and  baving  two  corks  or  stop- 
cocks, filling  it  with  water  and  emptying  it  in  the  goaf, 
and  recorking  it  at  the  same  place.  The  vessel  will  then  be 
filled  with  air ;  and  if  taken  to  a  safe  part  of  tbe  works,  may 
be  examined  by  passing  the  air  through  a  glass  tube  to  a 
candle,  as,  for  instance,  the  chimney  of  an  argand  lamp.* 

*  Professor  Graham  proposes  an  iBstrument  to  be  used  which  wiU  measure  the 
velocity  with  which  gas  passes  into  a  vacuum,  this  velocity  being  equal  to  the 
square  root  of  the  density  of  the  gas.  Hence  the  exact  amount  of  fire-damp  in 
any  place  could  be  ascertained. — See  Report  of  British  Association  for  1845, 

p.  2a 
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5,  In  mines  where  the  Davy  lamp  is  obliged  to  be  used, 
it  is  necessary  that  the  lamp  should  be  cleaned,  the  gauze 
of  every  lamp  examined,  and  locked  before  being  delivered 
to  the  men  each  day,  by  a  competent  person.  It  is  usual 
for  the  colliers  to  clean  them  themselves,  but  one  defective 
lamp  may  be  sufficient  to  explode  the  whole  mine;  and  at 
any  rate  they  should  be  inspected  before  being  permitted 
to  descend.  This  lamp,  I  believe,  when  clean,  so  that  no 
coal  dust  will  adhere  to  it,  is  perfectly  safe  in  carburetted 
hydrogen,  but  in  a  mixture  of  sulphuretted  hydrogen,  some- 
times evolved  when  pyrites  is  exposed  to  the  action  of  water, 
the  Davy  lamp  is  not  to  be  relied  upon. 

6.  One  word  respecting  the  resuscitation  of  those  who 
are  rescued  from  an  exploded  pit.  All  sorts  of  barbarous 
remedies  are  adopted;  even  Mr.  Buddie  says  before  the 
Committee  of  the  House  of  Commons,  that  to  dig  a  hole 
in  the  ground,  and  place  the  sufferer's  head  in  it,  covered 
up  by  earth,  is  the  best  plan  in  use.  The  made  of  death 
is  as  follows : — 

1.  Carbonic  acid  enters  the  lungs. 

2.  The  blood  passing  through  the  lungs,  does  not  give 

out  carbonic  acid  and  receive  oxygen,  which  is 
necessary  to  life. 

3.  Dark  blood,  not  purified  by  air,  is  transmitted  to  the 

left  side  of  the  heart,  and  thence  to  the  brain  and 
other  organs. 

4.  The  heart  continues  to  act,  circulating  dark  coloured 

blood,  but  its  actions  become  gradually  weaker, 
and  in  the  course  of  a  few  minutes  cease  altogether. 
The  heart  is  the  vltimum  moriens,  and  ceases  to 
act  from  impairment  of  nervous  energy — the  result 
of  black  blood  poisoning  the  brain. 


Digitized  by  VjOOQ IC 


415 
The  syfnptoms  of  being  choked  by  carbonic  acid  are : — 

1.  Discoloration  of  the  lips  and  other  parts,  the  result 

of  venous  congestion,  and  of  the  want  of  oxyge- 
nated blood. 

2.  Inroluntary  actions  of  muscles ;  convulsive,  not  ac- 

companied with  pain  probably;  and  caused  by 
contact  of  the  dark  coloured  blood  with  the  brain 
and  spinal  cord. 

3.  Attempts  at  respiration  by  the  diaphragm  and  inter- 

costal muscles,  lasting,  on  an  average,  from  a  minute 
and  a  half  to  two  minutes. 

4.  When  the  efforts  at  inspiration  cease,  the  pulse  of 

the  head  and  arteries  is  still  distinctly  to  be  felt; 
and  the  action  of  the  heart  maintains  the  circulation 
for  two  or  three  minutes  longer. 

5.  The  heart  having  fairly  ceased  to  act,  death  is  fixed ; 

— recovery  is  impossible  ! 

TVeatment. — 1.  If  natural  respiration  continue,  leave  the 
patient  to  himself  in  pure  air. 

2.  If  the  efforts  of  the  diaphragm  have  ahready  ceased, 
and  there  be  no  attempts  at  breathing,  have  recourse  to 
artificial  respuration  without  delay.  There  is  no  time  to 
lose.  In  two  or  three  minutes  after  the  last  heave  of  the 
chest,  the  heart's  action  will  have  ceased,  and  then  all  hope 
is  over. 

N.B.  The  artificial  respiration  to  be  persevered  in  even 
after  the  normal  one  is  restored. 

In  order  to  inflate  the  lungs,  and  in  the  hurry,  persons 
are  not  to  seek  for  syringes,  bellows,  tubes,  &c.  A  tube 
of  any  kind  is  to  be  inserted  into  one  nostril,  or  roll  up  a 
card  or  piece  of  stiff  paper  into  a  cylinder,  and  by  blowing 


Digitized 


by  Google 


1 


416 

through  this,  a  good  substitute  for  bellows  may  be  made- 
Then  the  following  points  require  attention. 

1.  Avoid  undue  forcing  of  air  into  the  lungs. 

2.  Inflate  at  proper  intervak,  imitating  the  rythm  of 

natural  respiration. 

3.  The  inflating  tube  to  be  introduced  into  one  nostril ; 

the  other,  and  the  mouth,  not  be  closed* 

4.  An  assistant  to  press  back  the  box  of  the  larynx, 

so  as  not  to  inflate  the  stomach. 

For  the  reasons  stated,  I  therefore  conclude  that  the 
protection  of  the  mining  population  of  the  West  Riding 
requires : — 

1.  The  interference  of  the  Government,  who  ought  to 

demand : — 

2.  A  more  rigid  attention  to  the  exact  quantity  of  air 

going  out  of  the  mine  and  into  it. 

3.  That  the  coal  be  worked  in  detached  portions,  with 

shorter  air  courses. 

4.  That  the  boundaries,  and  other  circumstances  rela- 

ting to  all  the  goafs,   be  more  strictly  watched, 
and  duly  registered. 

5.  That  the  care  of  the  Davy  lamps  be  entrusted  not 

to  the  workmen,  but  to  agents  of  the  colliery. 

6.  That  the  most  efficacious  means  for  the  resuscitation 

of  those  rescued  be  printed,  and  made  known  to 
all  the  coal  masters  and  coal  viewers. 


After  a  short  discussion  upon  the  practicability  of  carry- 
ing out  the  above  improvements  in  ventilation  suggested  by 
Mr.  Thorp,  the  Society  adjourned  to  the  Strafford  Arms, 
where  an  ordinary  was  provided. 
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PONTXFRACT9    ON   THUR8DAT»   SSPTSMBER  23BDy    1847. 


The  Right  Hon.  Earl  Fitzwilliam,  F.R.S.y  the 
President  of  the  Society,  took  the  Chair,  and  called  upon 
W.  Stkes  Ward,  Esq.  to  read  the  first  Paper. 

ON  A  NEW  GALVANOMETER,  AND  ON  SOME  OF  THE  PHE- 
NOMENA OF  VOLTAIC  CURRENTS.  BY  WILLIAM  SYKES 
WARD,    ESQ.,    LEEDS. 

In  voltaic  electricity,  apparatus  which  should  accurately 
indicate  the  dynamic  effect  of  a  current  has  long  been  a 
desideratum.  The  instruments  hitherto  used  are  objection- 
able for  some  one  of  the  following  reasons: — ^being  either 
very  delicate  and  expensive  in  their  construction,  requiring 
tedious  manipulation,  or  giving  results  which  at  best  are  only 
approximative,  or  which  require  considerable  powers  of  cal- 
culation to  reduce  their  indications  to  a  real  value.  I  believe 
that  the  little  instrument  I  have  the  pleasure  of  introducing 
is  not  liable  to  any  of  these  objections,  that  it  will  assist  the 
mathematician  in  obtaining  the  data  he  may  require,  and 
enable  the  experimentalist  easily  to  record  the  power  which 
he  employs.  Prior  to  describing  my  galvanometer,  it  may 
not  be  uninterestbg  to  you,  particularly  to  those  who  are  not 
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much  versed  in  voltaic  science,  to  describe  the  instruments 
and  processes  by  which  voltaic  currents  have  hitherto  been 
estimated. 

I  make  use  of  the  term  <^  current"  to  express  the  effect 
which  is  communicated  by  conductors,  through  which  elec- 
tricity is  supposed  to  pass.  There  is  no  science  in  which 
greater  difficulty  has  been  found  in  using  appropriate  and 
unexceptionable  names  and  terms  than  in  electricity.  The 
terms  which  have  been  used  in  most  sciences  have  been  such 
as  expressed,  or  were  supposed  to  be  in  accordance  with,  the 
then  theories  and  ideas.  Such  theories  have  since,  in  many 
cases,  been  found  incorrect ;  and  the  terms  have  consequently 
proved  not  only  inapplicable,  but  detrimental,  from  their 
conveying  false  ideas,  which,  when  once  acquired,  are  with 
difficulty  eradicated  or  corrected.  The  best  terms  in  all 
sciences  would  be  those  which  should  not  express  any  definite 
meaning  at  all.  But  it  would  be  most  difficult  to  fix  such 
terms  in  the  mind.  It  is,  therefore,  best  to  use  expressions 
which  have  a  general  meaning,  but  which  do  not  convey  ideas 
appertaining  to  any  particular  theory.  The  term  voltaic 
current  has  been  generally  adopted,  and  is  one  of  the  most 
unexceptionable;  but  even  in  using  this  term  I  must  beg  to 
be  maderstood  not  to  mean  that  any  fluid,  thing,  or  matter 
passes,  but  merely  that  a  cause  or  force  producing  an  effect 
is  transmitted;  and  that  I  do  not  express  any  opinion  that 
we  have  yet  any  real  knowledge  of  the  nature  of  electricity, 
though  I  may  on  some  future  occasion  have  the  pleasure  of 
laying  before  you  some  speculations  or  proposed  theory  on 
the  subject. 

The  following  methods  have  been  used  for  estimating  the 
force  of  voltaic  currents : — 

By  observing  the  length  of  platina  wire,  of  a  given  thick- 
ness, heated  to  redness  by  the  current.  In  this  method  it  is 
difficult  to  observe  the  exact  length  and  degree  of  ignition. 
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and  the  method  is  quite  inapplicable  if  both  the  quantity  and 
intensity  be  not  considerable. 

By  passing  the  current  through  a  Breguet's  metallic  ther^ 
mometer.  This  method  is  much  used  by  some  electricians, 
but,  besides  requiring  an  expensive  and  delicate  apparatus, 
the  results  of  both  this  and  the  foregoing  methods  are  affected 
by  the  temperature  and  currents  of  the  air. 

By  the  voltameter ;  that  is,  by  the  measured  quantity  of 
gas  evolved  per  minute  from  the  decomposition  of  water. 
This  method  requires  a  somewhat  tedious  observation,  and 
is  only  applicable  to  the  measurement  of  currents  of  con- 
siderable energy. 

By  the  magnetic  needle  galvanometer ;  which^  perhaps,  I 
may  be  permitted  to  describe  somewhat  in  detaiL  When  a 
voltaic  current  is  passed  through  a  conducting  wire,  and  a 
delicately-suspended  magnetic  needle  is  brought  near  it,  the 
needle  will  exhibit  a  tendency  to  place  itself  at  right  angles 
to  the  wire.  If  the  current  be  supposed  to  proceed  from 
east  to  west,  and  the  needle  to  be  placed  above  the  wire,  the 
end  of  the  needle,  commonly  called  the  north  pole,  will  point 
to  the  north.  From  this  fact  Dr.  Faraday,  being  anxious  to 
avoid  the  false  nomenclature  of  positive  pole  and  negative 
pole,  has  named  the  terminals  of  voltaic  circuits  anode  and 
catode, — that  is,  the  way  up  and  the  way  down ;  and  in  rela- 
tion to  the  idea  of  electric  currents  passing  in  the  apparent 
direction  of  the  sun  round  the  earth,  and  causing  the  pheno- 
mena of  terrestrial  magnetism. 

The  needle  does  not,  however,  place  itself  at  right  angles 
to  the  conductor  in  obedience  to  repulsion,  as  appears  at  first 
sight  to  be  the  case,  but  really  from  an  inclination  to  revolve 
round  the  conducting  wire.  This  was  pointed  out  by  Dr. 
Faraday  amongst  his  earliest  discoveries. 

It  was  soon  discovered  that  if  the  conducting  wire  were 
bent,  so  as  to  pass  both  above  and  below  the  needle,  the 
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effect  thereon  was  nearly  doubled ;  and  that  when  many  folds 
of  wire  were  coiled  in  like  manner,  the  effect  was  increased 
by  each  coiL     This  is  the  ordinary  form  of  galvanometer. 

If  two  needles  be  connected  one  above  the  other,  so  that 
one  be  within  the  coil  and  the  other  above,  the  ends  being 
reversed,  the  effect  is  increased;  as  both  the  needles  are 
affected  by  the  current,  and  the  directive  influence  of  terres- 
trial magnetism  is  neutralised.  From  the  latter  circumstance 
this  arrangement  is  termed  the  astatic  galvanometer.  The 
astatic  galvanometer  may  be  constructed  so  that  the  needles 
move  on  a  horizontal,  instead  of  a  vertical,  axis,  as  in  the 
form  adopted  by  Messrs.  Cooke  and  Wheatstone  in  the  elec- 
tric telegraph  now  in  general  use. 

These  galvanometers  are  usually  furnished  with  graduated 
indices,  marked  with  degrees  of  a  circle,  and  in  many  cases 
are  extremely  useful  for  the  measurement  of  weak  or  mode- 
rate currents ;  but  are  liable  to  the  material  objection  that 
the  deflections  produced  are  not  in  the  ratio  of  the  degrees 
indicated,  but  in  a  complicated  ratio  of  tangents  of  the 
angles  indicated,  and  of  the  distance  of  the  needle  from  the 
coil  further  complicated,  as  the  coil  does  not  represent  a 
mathematical  line,  and  by  the  magnetism  of  the  needle  not 
being  strictly  permanent. 

The  torsion  galvanometer  is  an  astatic  needle,  suspended 
by  fine  fibres  of  silk.  This  may  be  made  exquisitely  sensible, 
and  its  indications,  as  dependent  upon  the  torsion  of  the 
fibres,  are  very  consistent ;  but  it  is,  unfortunately,  not  easily 
applicable  when  energetic  currents  are  to  be  measured,  and 
it  is  an  expensive  instrument,  and  liable  to  be  deranged. 

Electro-magnets  have  been  used  to  estimate  energetic 
currents,  by  observing  the  weight  which  the  keeper  will 
sustain ;  and  electro-magnetic  machines  have  also  been  em- 
ployed. These  are  not  very  easily  applicable,  as  very  slight 
variations  of  the  distance  to  which  the  keeper  is  allowed  to 
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approach  makes  a  material  difference ;  and  even  the  polish 
of  the  surfaces,  if  in  contact,  produces  a  disturbing  effect 

A  very  good  instrument  has  been  formed  by  floating  a 
small  bar  magnet  perpendicularly  in  water,  like  a  hydro- 
meter, and  placing  a  coil  of  wire  around  it ;  or  by  suspending 
a  bar  magnet  from  one  of  the  arms  of  a  balance,  and  in  like 
manner  placing  a  coil  of  wire  around  it  These  instruments 
possess  many  of  the  advantages  of  the  new  instrument  I 
produce  to  you,  but  are  much  more  expensive  and  difficult 
to  manage. 

Being  engaged  in  a  series  of  experiments  relative  to  the 
conduction  of  voltaic  electricity,  and  requiring  a  galvano- 
meter in  addition  to  the  instruments  I  possessed,  and  not 
being  able  to  obtain  any  instruments  suitable  for  my  purpose 
from  the  makers  of  philosophical  apparatus  in  the  county,  I 
was  led  to  make  the  galvanometer  before  us.  The  construc- 
tion being  new  to  me,  and,  as  I  conceive,  combining  simplicity 
of  construction  with  several  other  advantages,  I  shall  have 
much  pleasure  if  it  be  found  useful  to  those  engaged  in 
electrical  investigations.  My  instrument  consists  of  about 
thirty  feet  of  copper  wire  wrapped  with  cotton,  coiled  upon 
itself,  and  cemented  with  shell  lac  at  the  end  and  side,  so 
as  to  retain  its  form,  having  the  ends  of  the  wire  bent  so  as 
to  form  points  at  which  the  coil  is  suspended  in  a  vertical 
position.  The  points  of  the  wire  dip  into  two  small  cups, 
drilled  into  the  end  of  two  thick  brass  wires,  which  serve 
as  supports  for  the  coil ;  a  little  mercury  being  put  into  the 
cups.  Two  arms  of  wire  are  attached  to  the  coil,  on  the 
ends  of  which  a  small  scale  to  contain  weights  is  suspended, 
thus  forming  a  kind  of  balance,  which,  when  nicely  adjusted, 
is  sensible  to  about  the  tenth  part  of  a  grain.  A  common 
permanent  horse-shoe  magnet  is  placed  within  the  coil.  Con- 
nexions are  made  between  the  electrodes  and  the  supports  of 
the  coil  by  binding  screws,  or  otherwise,  as  most  convenient. 

H  H  2 
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Various  coils  of  wire  may  be  used,  according  to  the  quantity 
of  the  currents  to  be  measured.  With  a  coil  of  very  fine 
wire  the  instrument  is  moderately  sensible,  and  is  applicable 
when  the  currents  are  too  powerful  to  be  estimated  by  the 
torsion  galvanometer. 

I  believe  the  instrument  possesses  the  following  advantages: 

That  the  indications  are  by  weight,  being  a  direct  ratio  to 
the  forces  of  the  currents. 

That  various  coils  of  known  lengths  and  thicknesses  of 
wire  can  be  used,  and  can  be  readily  changed. 

That  by  using  short  and  thick  wires  it  may  be  employed 
for  very  powerful  currents,  with  little  danger  of  disturbing 
the  polarity,  of  the  magnet 

That  the  magnet  being  fixed,  the  indications  are  not  dis* 
turbed  by  the  attraction  of  iron  apparatus  or  of  the  con- 
ducting wires. 

That  the  apparatus  is  easily  constructed,  and  does  not 
require  delicate  workmanship. 

It  will  also  be  readily  seen  that  the  apparatus  may  be 
employed  for  ascertaining  the  relative  strength  of  horse-shoe 
magnets. 

After  finding  that  the  instrument  worked  very  satisfactorily 
in  all  other  respects,  I  endeavoured  to  ascertain  whether  the 
weights  counterbalanced  might  be  regarded  as  strictly  ex- 
pressing the  force  or  dynamic  efiect  of  the  voltaic  current. 
For  this  purpose  I  had  recourse  to  the  method  pointed  out 
by  Professor  Wheatstone,  in  his  admirable  essay,  printed  in 
the  Transactions  of  the  Royal  Society  for  1843,  paragraph 
18,  page  326. 

Feeling  some  little  doubt,  however,  as  to  the  correctness 
of  Ohm's  theory,  and  of  Professor  Wheatstone's  application 
thereof,  on  the  ground  that  it  appears  to  me  that  the  resist- 
ance of  a  conductor  is  not,  in  all  cases,  in  the  direct  ratio  of 
its  length,  I  thought  it  preferable  to  make  use  of  another 
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method  of  experimentally  adjusting  the  apparatus,  making  use 
of  Professor  Wheatstone's  differential  resistance  measurer, 
by  which  I  adjusted  wires  attached  to  the  galvanometer,  so 
as  to  have  the  means  of  dividing  a  current,  so  that  exactly 
half  any  given  current  could  be  passed  through  the  galvano- 
meter coil.  By  this  means  I  have  proved  that  the  indications 
of  my  galvanometer  are  in  the  exact  ratio  of  the  currents 
passing  through  it,  at  all  events  within  the  limits  of  the 
powers  of  the  batteries  which  I  have  tried  it  with.  Thus, 
if  a  Current  through  the  battery  be  found  to  balance  110 
grains  in  the  scale,  the  current  from  the  same  battery  being 
divided  between  the  galvanometer  coil  and  the  diverting  coil, 
will,  within  the  limits  of  error  arising  from  the  three  measure- 
ments of  wire,  be  found  to  lift  55  grains. 

Before  entering  on  the  consideration  of  the  phenomena 
of  voltaic  currents  in  relation  to  conduction,  I  feel  it  in- 
cumbent upon  me  to  draw  your  attention  to  the  theory  of 
Ohm,  which  has  been  universally  admired  by  those  who 
have  studied  it,  and  which  has  become  the  foundation  of 
the  modem  applications  of  mathematics  to  voltaic  electricity. 
I  regret  that  I  cannot  at  present  go  very  fully  into  this,  as 
it  would  occupy  too  much  time,  that  I  have  not  had  access 
to  the  original  paper,  and  that  I  have  some  doubts  as  to 
the  strict  accuracy  of  some  of  the  deductions  therefrom, 
which  I  have  not  yet  had  time  fully  to  confirm.  I,  however, 
hope  shortly  to  do  this  with  the  assistance  of  the  new  gal- 
vanometer. 

The  main  features  of  Ohm's  theory  are  simply  expressed 
in  the  following  formula,  F  »  ^,  in  which  F  denotes  the 
force  of  the  current,  E  the  electro-motive  forces,  and  R 
the  resistances.  These  are  thus  defined  by  Professor 
Wheatstone : — 

"  By  electro-motive  force  is  meant  the  cause  which  in  a 
closed  circuit  originates  an  electric  current,  or  in  an  un- 
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closed  one  gives  rise  to  an  electroscopic  tension.  By 
resistance  is  signified  the  obstacle  opposed  to  the  passage 
of  the  electric  current  by  the  bodies  through  which  it  has 
to  pass ;  it  is  the  inverse  of  what  is  usuaUy  called  their 
conducting  power. 

"  When  the  activity  of  any  portion  of  the  circuit  is 
increased  or  diminished,  either  by  a  change  in  the  electro- 
motive force,  or  in  the  resistance  of  that  portion,  the 
activity  of  all  the  other  parts  of  the  circuit  increases  or 
decreases  in  a  corresponding  degree,  so  that  the  same 
quantity  of  electricity  always  passes  in  the  same  instant 
of  time  through  every  transverse  section  of  the  circuit 

"  The  force  of  the  current  is  directly  proportional  to 
the  sum  of  the  electro-motive  forces  which  are  active  in 
the  circuit,  and  inversely  proportional  to  the  total  resist- 
ance of  all  its  parts ;  or,  in  other  words,  the  force  of  the 
current  is  equal  to  the  sum  of  the  electro-motive  forces 
divided  by  the  sum  of  the  resistances." 

This  may  be  rendered  more  familiar  by  experiment.  If 
we  take  a  plate  of  amalgamated  zinc  and  a  plate  of  plati- 
nized silver  immersed  in  diluted  sulphuric  acid,  forming 
the  arrangement  invented  by  Mr.  Smee,  and  known  by 
his  name,  and  connect  the  plates,  decomposition  of  the 
water  takes  place,  the  zinc  being  oxidated  at  the  expense 
of  the  oxygen  of  the  water,  and  the  corresponding  quantity 
of  hydrogen  being  evolved  at  the  platinized  surface.  By 
this  the  electro-motive  force  E  is  developed.  I  will  not 
now  discuss  the  chemical  and  contact  theories  of  electricity, 
but  merely  state  the  undisputed  fact,  that  the  chemical 
decomposition  and  electro^motive  force  are  correllative,  not 
only  in  being  simultaneously  developed,  but  also  in  quantity. 
Now  the  force  F,  developed  in  every  part  of  the  circuit, 
may  be  strictly  expressed  by  E,  the  electro-motive  force 
of  the  elements,  that  is,  the   water  decomposed  and   the 
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formation  of  sulphate  of  zinc  dissolved,  (the  electro-motive 
force  from  the  latter  is  generally  supposed  to  be  extremely 
small,)  divided  by  the  resistance  to  conduction  of  the  fluid, 
(in  technical  language,  the  electrolyte,)  and  also  of  the 
plates  themselves,  and  the  conducting  wire  connecting  them. 
I  have  selected  this  form  of  battery  as  visibly  manifesting 
these  effects,  for,  on  connecting  the  plates  by  a  short  wire, 
the  force  F  is  considerable,  and  is  manifested  by  the  energy 
of  the  evolution  of  gas ;  but  if  I  introduce  a  greater  resist- 
ance into  the  circuit,  the  evolution  of  gas  will  be  much 
diminished :  by  introducing  the  galvanometer  into  the  circuit 
we  obtain  an  estimate  of  the.  force  in  grain  weights  sup- 
ported If  we  add  a  still  greater  length  of  wire,  for 
instance,  adding  a  coil  of  70  feet,  we  shall  find  the  evolution 
of  gas  again  diminished,  and  in  like  manner  the  force  as 
manifested  by  the  diminution  of  weight  supported. 

So  far  the  theory  is  beautiful  and  unexceptionable;  but 
in  further  applications  of  the  theory  as  stated  by  Professor 
Wheatstone,  "  the  resistance  of  the  connecting  wire  of  the 
circuit  is  directly  proportional  to  its  length,  and  to  its 
specific  resistance,  and  inversely  proportional  to  its  section." 

Some  experiments  were  made  by  Mr.  Barlow  many  years 
ago,  but  which  were  imperfect,  both  from  the  construction 
of  the  batteries  employed,  and  from  not  taking  into  account 
the  resistances  of  the  battery  itself,  (Ohm's  theory  being 
then  little  known.)  From  these  experiments  it  appeared 
that  the  resistance  was  directiy  proportional  to  the  square 
root  qf  the  length  of  the  wire,  and  inversely  proportional 
to  the  quantity  of  metal  contained  in  the  wire. 

Some  experiments  confirm  these  views,  particularly  when 
the  resistances  of  the  battery  are  not  estimated.  The 
results  of  my  own  experiments,  which  are  not  yet  so  com- 
plete as  I  desire,  lead  me  to  suppose  that  the  same  law  of 
conduction  does  not  hold  in  regard  to  currents  of  consider- 
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able  quantity,  as  in  r^ard  to  currents  of  considerable 
intensity  and  sligbt  quantity. 

Such  experiments  demonstrate  the  utility  of  employing 
an  instrument  the  indications  of  which  are  in  strict  relation 
to  the  forces  of  the  current ;  if  the  ordinary  gal?anometer 
had  been  employed,  it  would  have  been  much  more  difficult 
to  ascertain  whether  the  instrument  or  the  theory  was  at 
fault. 

Having  received  some  intimation  or  suggestion,  I  think 
from  a  paragraph  in  a  newspaper,  that  two  voltaic  currents 
might  be  passed  through  the  same  conductor,  it  appeared 
to  me  that  if  it  were  proved  that  two  currents  could  pass 
through  the  same  wire  in  opposite  directions,  and  without 
interfering  with  each  other,  such  fact  might  lead  to  im- 
portant inferences  in  the  theory  of  electricity,  and  that,  at 
all  events,  the  result  of  experiments  on  this  subject  might 
be  of  some  importance  in  ascertaining  the  conducting  power 
of  the  various  bodies.  Having  at  hand  several  coils  of  wire 
200  or  300  yards  in  length,  and  also  electro-magnets,  I 
passed  a  voltaic  current  from  a  series  of  very  small  plates 
through  about  300  yards  of  thin  wire,  and  also  through 
the  coil  of  wire  of  an  electro-magnet,  consisting  of  about 
30  yards  of  much  thicker  wire.  A  moderately  delicate 
galvanometer  was  connected  with  the  small  wire,  and  formed 
part  of  the  circuit ;  and  a  pint  cell,  according  to  Daniel's 
arrangement,  was  connected  with  the  coil  of  the  magnet» 
and  I  did  not  find  that  the  deflections  of  the  galvanometer 
were  sensibly  affected  by  the  more  powerful  current  passed 
through  the  coil  of  the  magnet ;  and  it  appeared  that  two 
currents  might  be  passed  in  the  same,  or  in  opposite  direc- 
tions, through  the  same  conductor,  without  interfering  with 
each  other.  I  then  varied  the  experiments,  passing  currents 
from  two  small  voltaic  pairs  through  considerable  lengths 
of  wire,  sometimes  in  the  same,  and  at  others  in  the  con- 
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trarj)  direction,  a  galvanometer  being  introduced  between 
the  long  wire  and  the  pair,  which  may  be  designated  ^o. 
1.  I  found  that  although  the  galvanometer  was  deflected 
by  the  current  from  No.  1,  yet  the  current  from  No.  2  in 
one  direction  increased  the  deflection,  in  the  other  dimin- 
ishing it. 

Being  desirous  of  knowing  whether  such  experiments  were 
at  all  new,  I  mentioned  some  of  the  results  to  my  friend, 
Martyn  J.  Roberts,  and  was  by  him  referred  to  the  notice  of 
a  communication  by  Mr.  Gassiot,  published  in  the  Transac- 
tions of  the  London  Electrical  Society.  Mr.  Roberts  also 
mentioned  that  he  had,  some  years  ago,  tried  experiments  of 
a  similar  nature,  and  that  he  was  of  opinion  that  two  currents 
could  not  be  passed  in  opposite  directions  through  the  same 
wire  by  any  arrangement  which  was  free  from  suspicion  of 
fallacy,  arising  from  the  action  of  one  series  of  elements  on 
the  other. 

Fiudmg  the  inferences  drawn  by  Mr.  Gassiot  and  the 
opinion  of  Mr.  Roberts  at  variance,  but  not  being  acquainted 
with  the  precise  manner  in  which  the  experiments  of  either 
were  conducted,  I  made  a  considerable  number  of  experi- 
ments, making  use  of  coils  of  copper  wire  of  100  feet  in 
length,  and  of  the  thickness  known  as  No.  20  of  the  Bir- 
mingham wire  gauge,  or  .035  inch. 

Mr.  Ward  then  detailed  numerous  experiments,  the  results 
of  which  were  exhibited  on  diagrams,  and  stated  that  he  had 
arrived  at  the  following  conclusions : — 

That  currents  cannot  pass  along  a  conductor  in  opposite 
directions ;  that  the  appearance  of  their  doing  so  is  due  to 
the  transmission  of  the  current  from  one  pair  or  series  of 
elements  to  the  other;  but  that,  on  the  other  hand,  the 
conducting  power  of  wires  is  diminished  to  the  amount  of 
current  passing  through  them. 
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At  the  coDclusion  of  the  paper,  a  brief  but  interesting 
discussion  took  place,  arising  out  of  some  suggestions  by 
Mr.  Morton,  The  first  of  these  suggestions  was  very 
important  in  its  bearing  upon  the  preservation  of  human 
life,  namely, — Whether  it  was  not  desirable  that  men  con- 
versant with  the  science  of  galvanism,  (instancing  Mr. 
Ward  in  particular,)  should  direct  their  attention  to  ex- 
periments to  ascertain  whether  it  would  be  possible  to 
produce  light  without  flame,  for  use  in  coal  mines.  Another 
suggestion  had  for  its  object  the  consideration  of  the  pro- 
priety of  experiments  directed  especially  to  ascertain  whether 
it  would  be  practicable  and  economical  to  apply  galvanism  to 
motive  forces  and  the  raising  of  weights. 

The  Noble  Chairman  remarked  that  the  importance  of 
the  former  suggestion  had  been  painfully  impressed  upon 
the  people  of  this  part  of  England  within  the  last  few 
months. 

Mr.  Ward  said  his  attention  had  been  already  in  some 
measure  directed  to  the  application  of  magnetism  to  the 
purposes  in  question,  and  if  it  would  be  of  any  advantage 
to  the  society,  he  should  be  glad  to  pursue  his  investiga^- 
tions  further.  The  result  of  his  experiments  hitherto  led 
him  to  fear  that,  even  if  the  instruments  were  perfect, 
voltaic  currents  would  be  an  expensive  means  of  obtaining 
mechanical  power.  With  regard  to  lighting  coal  mines  by 
light  without  flame,  he  stated  that  a  patent  had  some  time 
since  been  taken  out  with  that  view,  but  he  expressed  his 
opinion  that  galvanism  would  be  an  inconvenient  means  of 
effecting  that  object,  it  being  necessarily  attended  with  a 
cumbersome  apparatus. 

With  regard  to  the  application  of  galvanism  to  the  electric 
telegraph,  (which  formed  the  subject  of  another  suggestion 
from  Mr.  Morton) — 

Mr.   Ward  said  that  he  should  be  glad,  on  a  future 
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occasion,  to  bring  forward  some  of  his  own  experiments, 
which  he  could  not  do  until  he  had  specified  a  patent. 


The  NoBLB  Chairman  now  called  for  the  next  Paper 

ON  THE  POLICY  OF  PROMOTING  AND  ENCOURAGING  THE 
GROWTH  OF  FLAX  IN  GREAT  BRITAIN  AND  IRELAND  ; 
AND  AN  INQUIRY  WHETHER  FLAX  CAN  BE  PRODUCED 
(lb  FOR  ft))  AS  CHEAPLY  AS  THE  COST  OF  IMPORTED 
COTTON-  BY  HENRY  BRIGGS,  ESQ.,  OF  OVERTON, 
NEAR    WAKEFIELD. 

It  is  maintained  by  many  individuals  that  there  is  no  such 
thing  as  positive  evil  in  existence ;  that  the  indulging  in  a 
contrary  opinion  would,  in  fact,  be  a  reflection  upon  the 
wisdom  and  beneficence  of  the  Divine  Being;  and  that 
those  events  which  we  call,  evils  are,  in  reality,  only  bless- 
ings in  disguise,  or,  as  the  poet  expresses  the  sentiment, — 

**  All  nature  is  but  art,  unknown  to  thee ; 
All  chance,  direction,  which  thou  canst  not  see ; 
All  discord,  harmony,  not  understood  ; 
All  partial  evil,  universal  good." 

It  may,  probably,  be  rather  a  difficult  task  fully  and 
cordially  on  all  occasions  to  subscribe  to  these  doctrines; 
yet  still,  it  must  be  acknowledged  by  all  thinking  men, 
that  few  events  occur,  however  afflictive  to  individuals  they 
may  be,  without  their  being  the  means  of  accomplishing  some 
good  end.  And  we  may  fully  agree  with  the  expression  of 
the  poet,  in  the  last  line  of  the  quotation,  if  we  qualify  his 
meaning  by  presuming  that  he  intends  to  convey  the  idea 
that  partial  evil  results  in  universal  good. 

That  our  common  country  has,  within  the  last  twelve 
months,  experienced  a  grievous  visitation  in  the  failure  of 
the  potato  crop,  which  produced  a  partial  famine,  with  its 
attendant  evils,  particularly  in  Ireland,  cannot  be  gainsaid ; 
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and  we  must  all  endeavour  to  make  a  right  use  of  these 
afflictions.  To  the  farmer  this  reads  a  lesson  peculiarly 
applicable.  It  is  undoubtedly  his  province  to  provide  food 
for  the  country ;  and  he  is  amenable  to  the  moral  obligation 
to  use  every  available  endeavour  once  more  to  spread  smiling 
plenty  over  the  land.  I  confidently  apply  to  the  position  of 
the  nation  at  large  the  foregoing  doctrine  of  the  beneficial 
effects  of  afflictive  dispensations ;  and  cannot  but  trust  that 
the  ultimate  results  will  be  to  stimulate  our  agriculturists  to 
renewed  and  increased  exertion;  to  urge  them  forward  in 
attempts  to  discover  new  and  improved  modes  of  culture ;  and 
will  be  the  means  of  introducing  from  other  countries,  and 
acclimating  in  our  own,  plants  and  esculents  suitable  for  the 
sustenance  of  men  and  animals,  which  are  not  only  more  pro- 
lific in  their  increase,  but  will  produce  a  greater  quantum 
of  nutriment  per  acre.  Thus  literally  fulfilling  the  idea  of 
the  poet  before  quoted,  —  deducing  from  '^partial  evil," 
"  universal  good," — or,  as  he  elsewhere  expresses  it,  "  From 
seeming  evil,  still  educing  good." 

But  the  main  object  of  my  introducing  these  reflections, 
is  to  pursue  this  train  of  reasoning,  and  to  make  a  few 
observations  upon  the  effects  of  what  may  be  considered 
as  a  national  afflictive  dispensation  of  a  similar  nature :  I 
mean  the  partial  failure  of  the  cotton  crop  in  America, 
and  the  consequent  great  enhancement  of  price  of  the  raw 
material  of  a  most  important  branch  of  our  national  manu- 
facture, and  one  which  provides  employment  for  so  large  a 
portion  of  our  operative  classes.  I  believe  it  may  be  con- 
sidered as  an  axiom,  that  the  increase  of  price  of  any  article 
of  consumption  has  the  effect  of  limiting  the  demand ;  and 
that  if  any  substitute  can  be  introduced  which  will  be  as 
effective  at  a  lower  price,  or  more  effective  at  the  same  cost, 
the  substituted  article  will  gain  the  ascendancy,  provided  the 
former  should  retain  its  high  price. 
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That  the  scarcity  of  cotton,  and  its  consequent  enhanced 
price,  has  diminished  its  consumption,  is  abundantly  notorious; 
and  the  greatly  curtailed  hours  of  labour,  with  the  attendant 
curtailment  in  th^  amount  of  wages  paid,  are  now  having 
their  baneful  effect  upon  the  operatives  employed  in  that 
branch  of  manufacture.  It  may  certainly  be  urged  that  the 
high  price  of  food  has  been  the  main  cause  of  the  diminished 
demand  for  manufactures  of  all  descriptions, — and  no  doubt 
it  has  had  its  effect.  But  even  with  this  greatly  decreased 
demand  for  cotton  goods,  the  raw  material  has  much  increased 
in  price ;  and  had  no  scarcity  of  food  occurred,  and  the  con- 
sumption of  that  description  of  goods  not  diminished,  it  is 
obvious  that,  with  the  present  scarcity  of  cotton,  a  much 
greater  advance  in  price  must  have  occurred  than  has  taken 
place* 

Under  these  circumstances  we  naturally  look  around  for 
some  substitute  which  may  fulfil  the  conditions  before-men- 
tioned,— either  costing  less,  or  being  qualified  to  produce  a 
superior  fabric  at  the  same  price.  And  it  appears  to  me, 
from  all  the  information  which  I  can  obtain  on  the  subject, 
that,  probably.  Flax  is  the  material  most  likely  to  afford  these 
desiderata ;  and  that,  as  cotton  formerly,  in  a  great  measure, 
superseded  the  use  of  flax,  so  the  latter  may  again  obtain 
the  ascendancy,  or  become  a  formidable  rivaL  From  the 
much  higher  price  that  fine  flax  has  hitherto  commanded, 
as  compared  with  cotton,  such  an  idea  may  at  first  view 
appear  Utopian;  but,  from  the  reports  published  by  Mr. 
Wames,  of  Norfolk,  and  Mr.  Dickson,  of  London,  both  of 
whom  have  had  practical  experience  in  the  cultivation  of 
flax,  the  profits  derived  by  those  growers  who  manage  their 
crops  judiciously,  are  so  satisfactory  as  to  justify  the  hope 
that  a  good  quality  of  flax  may  be  afforded  at  even  a  lower 
price  than  cotton,  and  still  yield  ample  remuneration  to  the 
producer. 
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But  again,  it  may  be  asked,  would  it  be  good  policy  to 
promote  the  growth  of  flax  in  England,  and  would  it  not 
exhaust  and  deteriorate  the  land?  In  the  first  place,  I 
conceive  that  there  can  scarcely  a  douht  arise  as  to  the 
benefit  to  be  derived  from  the  production  at  home  of  the 
raw  material  of  any  extensive  national  manufacture,  if  it 
can  be  grown  as  cheap,  or  cheaper,  and  of  as  good  quality, 
as  that  which  is  imported,  particularly  when  the  most  con- 
siderable item  in  the  cost  consists  of  labour.  And  as  to 
the  fear  of  flax  being  an  exhausting  crop,  I  believe  I  may 
affirm  that  both  theory  and  practice  totally  discountenance 
the  idea,  when  its  cultivation  is  conducted  upon  proper 
principles.  But  then,  again,  the  objector  may  urge  that 
the  raising  of  food  for  man  and  animals  is  the  natural  use 
to  which  the  soil  of  England  should  be  applied,  particularly 
as  our  annual  consumption  increases  in  so  great  a  ratio. 
At  first  view  there  seems  to  be  some  cogency  in  the  argu- 
ment ;  but  I  contend  that  as,  or  (f,  we  must  import  either 
food  or  jlaxy  it  would  be  the  best  policy  to  encourage  the 
growth  at  home  of  that  which  will  yield  the  greater  amount 
of  profit,  and  the  greater  means  of  employment ;  both  of 
which  conditions,  I  imagine,  will  eminently  be  fulfilled  by 
the  production  of  the  latter.  In  Belgium,  flax  is  called 
"  The  golden  crop,"  and  "  The  rent-paying  crop,"  and  is 
notoriously  the  most  profitable  in  the  system  of  rotation 
which  is  there  adopted. 

With  regard  to  the  latter  consideration, — as  to  the  ex- 
hausting nature  of  a  crop  of  flax,— I  shall  institute  an 
inquiry  into  its  deteriorating  influence,  as  compared  with 
one  of  wheat,  first  premising  that  it  is  generally  maintained 
by  agricultural  chemists,  that  a  crop  may  be  pronounced 
exhausting  in  proportion  to  the  amount  of  inorganic  matter 
which  it  abstracts  from  the  soil  Now,  I  will  suppose  that 
in  these  two  instances,  the  grain  in  the  case  of  wheat  is  sold 
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off  the  premises,  and  the  straw  retained  for  the  production 
of  manure ;  and  in  the  case  of  flax,  that  the  dressed  fihre 
only  is  sold,  and  the  seed  retained  for  the  feeding  of  cattle, 
which  is  thus  returned  to  the  soil,  along  with  the  refuse  of 
the  fibre  or  stalk,  much  in  the  same  manner  as  the  wheat 
straw.  In  pursuing  the  inquiry,  therefore,  which  of  these 
two  crops  is  the  more  exhausting  ?  we  must  place,  side  by 
side,  such  portion  of  the  produce  per  acre  of  each  as  is 
disposed  of  and  lost  to  the  land,  and  ascertain  which  of  the 
two  contains  the  more  inorganic  matter,  or  such  as  is  left 
after  incineration.  A  fair  and  average  crop  of  wheat  I  will 
estimate  at  ten  loads,  or  thirty  bushels  per  acre,  having  an 
aggregate  weight  of  1,800  lbs.  of  grain,  and  a  fair  crop  of 
flax,  when  in  the  dressed  state,  at  50  stones,  or  700  lbs. 
per  acre.  According  to  Professor  Johnstone*s  Analysis 
of  Wheat,  I  find  that  he  makes  the  average  quantity  of 
ash  left,  after  incineration,  to  be  1.87  per  cent.;  and, 
according  to  Dr.  Hodges,  who  has  lately  very  minutely 
analysed  the  dressed  fibre  of  flax,  I  find  that  it  yields 
only  .54  per  cent,  of  ash.  On  working  out  the  calculation 
from  these  data,  of  the  relative  quantity  of  inorganic  matter 
which  each  abstracts  from  the  soil,  I  find  the  result  to  be, 
that  a  fair  crop  of  wheat  will  take  away  33.66  lbs.,  and  one 
of  flax  only  3.78  lbs.  per  acre,  making  the  former  about  nine 
times  more  exhausting  than  the  latter.  But,  again,  on  esti- 
mating the  relative  abstraction  by  these  crops  of  those  two 
most  important  constituents  of  cultivated  vegetables,  and 
most  expensive  to  restore — potash  and  phosphoric  acid — 
I  find  that,  according  to  Sprengel's  analysis  of  wheat,  that 
while  thirty  bushels  will  abstract  4.05  lbs.  of  potash  from 
the  soil  per  acre,  dressed  flax,  according  to  Dr.  Hodges, 
abstracts  none;  and  while  the  former  takes  away  .72  lbs. 
of  phosphoric  acid,  the  latter  abstracts  only  .25  lbs. ; — thus 
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rendering  a  crop  of  flax  infinitely  less  exhausting  than  wheat 
in  one  of  the  above  constituents,  and  only  one-third  as  ex- 
hausting of  the  other. 

Again,  according  to  the  reports  of  Mr.  Warnes  and  Mr. 
Dickson,  experience  teaches  that  flax  is  not  a  particularly 
exhausting  crop,  in  as  far  as  they  aflirm  that  very  fine  crops 
of  wheat  are  produced  after  its  introduction,  in  the  rotation ; 
which,  from  my  own  personal  observation,  I  can  confirm,  in 
the  instance  of  a  most  luxuriant  and  heavy  field  of  wheat, 
under  those  circumstances,  on  the  farm  of  my  friend,  Mr. 
John  Moore,  of  Moor  House,  near  Ackworth ;  and  the 
general  fertility  of  the  land  is  also  much  increased  by  the 
consumption  of  the  seed  on  the  premises,  as  food  for  cattle. 
The  mode  of  using  linseed  for  this  purpose  is,  to  form  a 
compound  of  about  ^  lb.  of  crushed  seed  or  meal,  and  |  lb 
of  barley,  bean,  pea,  or  Indian  corn  meal,  made  or  cooked 
into  a  porridge,  and  then  mixed  with  chopped  hay  or  straw. 
I  calculate  that  this  compound  is  equally  as  cheap  as  linseed 
cake,  and  its  nutritive  and  fattening  powers  are,  I  believe, 
found  to  be  superior,  as  testified  by  Mr.  Warnes,  Mr.  Mar- 
shall, Mr.  H.  S.  Thompson,  and  others.  The  following  I 
consider  a  fair  estimate  of  the  average  cost  of  the  compound 

per  ton : — 

£.  9.   d. 
40  stone  of  linseed,  at  Is.  6d.  per  stone,  or 

488.  per  quarter 3     0    0 

120      „       bean,  pea,  barley,  or  Indian  corn 

mealj  at  Is 6    0    0 

Cost  of  labour  and  fuel 0  15     0 

Total  160  stones.  £9  15    0 

Which  amount  is  full  as  low  as  the  average  cost  of  a  ton  of  ' 
linseed  cake ;   and  for  an  article  the  genuineness  of  which 
may  be  insured  by  the  consumer,  which  is,  unfortunately^ 
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not  alvrays  the  case  with  cake.     It  may  be  urged  that,  pro« 
yided  all  the  seed  and  solid  refuse  of  the  stem  be  returned 
to  the  land,  yet  still  that  a  considerable  portion  of  the  soluble 
inorganic  matter  contained  in  the  woody  part  of  the  straw 
is  lost  in  the  process  of  steeping.     That  the  steep-water, 
after  the  immersion  of  the  flax,  does  contain  an  appreciable 
quantity  of  fertilizing  matter,  is  notorious,  from  the  analysis 
of  it  made  by  Sir  Richard  Kane,  and  the  experiments  de- 
tailed by  Mr.  Dickson ;    yet   still,  if  proper   economy  be 
practised,   these  fertilizing    ingredients  need  not  be  lost, 
but  the  steeping-ponds  so  placed  as  readily  to  admit  of  the 
water  being  used  for  irrigation.      I  understand,  however, 
that  an  improved  and  more  speedy  method  of  preparing 
the   stem  has  lately  been   discovered,  by  means  of  tanks 
containing  hot  water,  which  may  be  so  saturated  with  the 
rich  salts  extracted  from  the  flax,  as  to  pay  the  expense 
of  leading  it  in  barrels  on  the  land,  and  using  it  as  liquid 
manure.     I  look  forward  to  still  greater  discoveries  being 
made  in  the  preparatory  modes  of  separating  the  fibre  from 
the  woody  matter,  and  cannot  help  hoping  that  Chemistry 
may,  at  some  future  period,  lend  her  valuable  aid  in  ac- 
complishing that  object  more  speedily  and  economically — 
something  in  a  similar  manner  to  the  modern  process  of 
bleaching. 

Having  now,  I  trust,  advanced  suflicient  to  show  that  the 
growth  of  flax  is  not  necessarily  an  exhausting  process,  when 
conducted  on  proper  principles,  I  shall  next  proceed  to  the 
consideration.  Whether  it  is  a  profitable  crop  to  the  farmer  ? 
The  expenses  of  growing  flax  have  been  variously  estimated, 
— ^by  some  much  too  high,  and  by  others  below,  what  I  con- 
ceive to  be  the  real  truth.  The  proper  medium  I  believe  to 
be  about  £12  per  statute  acre,  taking  into  consideration  the 
whole  operations,  from  the  preparation  of  the  land  to  the 

I  I 
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scutching  the  fibre  previous  to  sale  to  the  manufacturer. 
The  details  are  as  follow  : —  Proportion  of 

mumal  labour. 

£,    s,  d.  £.    s.     d. 

Rent,  rates,  and  taxes   2    0  0  ...  — 

One  ploughing  before  winter  0    7  0  ...  0    2     0 

Dressing — dragging,  rolling,  harrowing, 

and  picking    0  12  6  ...  0    7     6 

One  ploughing  in  spring  0    7  0  ...  0    2    0 

Interest  of  capital  and  use  of  machinery  0  10  0  ...  — 

Harrowing,  sowing,  and  rolling  the  seed  0    5  0  ...  0     1     6 

Seed,  2i  bushels,  at  7s 0  17  6  ...  — 

Weeding,  6  women  1  day,  at  Is 0    6  0  ...  0    6    0 

Pulling  the  crop —  «.    d. 

8  women  1^  day,  at  Is 12    0 

2  men  1^  day,  at  2s 6    0 

0  18  0  ...  0  18    0 

Steeping,  4  men  1  day,  I         0    8    0     ...     0    8    0 

or  2  men  2  days,    J 

Grassing,        ditto  ditto     0     8     0     ...     0    8     0 

Scutching,  50  stone  weight,  at  Is.  6d....     3  15     0     ...     3  15     0 

Stacking  and  leading    0  10    0     ...     0    4     0 

Rippling  or  thrashing —  s    d 

4  men  1  day,  at  2s.   8    0 

6  women  1  day,  at  Is 6    0 

0  14     0     ...     0  14     0 

Contingencies    0    2    0     ...         — 

£12    0    0  £7    6    0 

If  the  above  data  are  tolerably  correct,  an  interesting 
inquiry  ensues,  Whether  flax  cannot  be  produced  on  such 
terms  as  successfully  to  compete  in  its  cost  with  cotton,  and 
still  leave  a  &ir  and  reasonable  remuneration  to  the  grower  ? 
Should  this  be  the  case,  linen  may  then  be  extensively  used 
as  a  common  fabric ;  not  as  a  luxury  confined  to  the  more 
wealthy  members  of  the  community,  but  as  an  economic,  as 
well  as  a  most  desirable  and  durable,  material  for  both  per* 
sonal  and  domestic  use.  Now  suppose  that  £4  per  acre  be 
considered  a  fair  profit  to  the  farmer,  the  produce,  in  order 
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to  yield  that  sum,  must  fetch  £16,  which  may  be  estimated 
in  the  following  manner: — 

P&ODUCB   OF  A  FAIR  AVERAGE    CSOP   OF   FlAX|  FEB  ACES. 

Seed,  20  bushels,  at  6s.  6d 6  10    0 

Tow 0  10    0 

Refuse,  suitable  for  bedding  and  manure 0    6     0 

7     5     0 

Leaving  the  sum  of  £8  15s.  to  be  produced  by  the  sale 
of  the  crop  of  dressed  flax,  which  may  be  estimated 
at  50  stones  of  14  lbs.,  or  700  lbs.,  at  3d.  per  lb....     8  15    0 

£16  0  0 
If  50  stones  of  dressed  flax  should  be  considered  an  ex- 
cessive crop,  (which,  from  Mr.  Wames's  and  Mr.  Dickson's 
Reports,  it  is  not,)  even  40  stones,  at  3|d.  per  lb.,  would 
produce  the  same  money.  An  excessive  crop  is  the  more 
particularly  desirable,  from  the  circumstance  that  the  more 
crowded  the  stems  are  upon  the  ground,  the  finer  will  be  the 
fibre,  though  the  produce  of  grain  or  seed  will  be  less ;  and 
as  the  increase  is  in  that  particular  item  in  the  crop  which 
is  the  least  exhausting  to  the  soil,  and  at  the  same  time  the 
most  valuable,  it  seems  highly  desirable  to  adopt  the  thick 
mode  of  sowing.  By  sowing  three  bushels  of  seed  per  acre, 
as  much  as  70  stones,  or  980  lbs.,  of  fine  dressed  flax  have 
been  obtained,  with  a  produce  of  only  12  to  14  bushels  of 
grain;  whereas  by  sowing  only  1^  budiels,  only  30  stones, 
or  420  lbs.,  of  flax  of  a  coarser  quality,  has  been  the  result, 
though  with  a  crop  of  grain  amounting  to  26  or  30  bushels. 
Now,  taking  these  as  data,  let  us  see  the  result  in  point  of 

value.     Produce  in  the  first  case : — 

£.   9.  d. 

Fine  dressed  flax,  70  stones,  at  10s 35     0    0 

Grain  or  seed,  12  bushels,  at  78 4     4     0 

Refuse,  say 0  16    0 

Carried  forward £40    0    0 
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£.    $.    d.JL    9.   d. 
Brought  forward    40    0    0 

Produce  in  the  second  case : — 

Coarser  flax,  30  stones,  at  8s.  12    0    0 

Grain  or  seed,  26  bushels,  at  7s 9    2    0 

Refuse,  say    0  12    0 

21   14    0 

Difference   £18    6    0 

Deduct  1^  busheb  of  seed  less  sown,  at  8s...    0  12    0 
„      40  stones  less  flax,  scutching,  &c.,  at 

Is.  6d 3    0    0 

„      sundry  other  expenses,  say 2    0    0 

6  12     0 

Total  greater  value  of  the  thick  sown,  per  acre.. .£12  14    0 

To  which  difference  may  be  legitimately  added  something 
for  the  extra  exhaustion  of  the  land  consequent  upon  an 
extra  quantity  of  seed  being  produced.  But,  again,  another 
very  material  advantage  ensues  from  having  a  thick  crop 
upon  the  ground,  in  the  weeds  being  smothered,  and  the 
much  cleaner  condition  in  which  the  land  is  thereby 
left.  At  present,  I  believe,  the  price  of  dressed  flax 
varies  from  £40  up  to  £120  per  ton,  or  from  58.  to  15s. 
per  stone  of  14  lbs.,  according  to  its  fineness,  colour,  and 
quality. 

Thb  discrepancy  or  inequality  proceeds,  in  a  great  measure, 
from  mismanagement,  and  hence  the  great  scope  that  exists 
for  improvement,  and  encouragement  held  out  for  attaining 
excellence  in  its  production  and  preparation.  I  confidently 
believe  that  in  almost  every  instance  in  which  loss  has  been 
sustained  in  the  growth  of  flax,  it  has  arisen  from  the  grower 
either  not  having  had  the  means,  or  not  having  possessed  the 
skill,  necessary  for  conducting  the  operations  in  an  adequate 
manner.  Let  the  attention  of  intelligent  and  enterprising 
mechanics  be  once  drawn  to  the  requirements  of  the  farmer, 
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in  machinery  for  the  dressing  and  preparing  flax,  and  of 

scientific  men  to  a  more  economical  and  expeditious  method 

of  bleaching  and  promoting  the  separation  of  the  fibre  from 

the  woody  matter  of  the  stem,  and  I  hare  no  doubt  such 

discoreries  will  be  made  as  wiU  very  materially  reduce  the 

cost  of  flax  in  England.     The  expense  and  trouble  attendant 

upon  the  preparation  of  flax  hare  been  supposed  to  render 

its  cultiration  by  the  farmer   little  desirable;    but  should 

an  increased  production  take  place,  the  demand  for  better 

machines  and  for  regular  district  flax-dressing  establishments, 

would  be  immediately  answered  by  their  production,  as  in 

this  country  the  demand  for  the  exertion  of  talent  and  energy 

in  any  particular  direction  is  always  followed  by  the  supply. 

And  if  the  same  or  equal  talent  and  ingenuity  had  been 

exercised  upon  the  production  of  machinery  for  preparing 

flax  for  the  manufacturer,  which  have  been  displayed  in  the 

after  processes  of  spinning,  the  advantage  to  the  country 

would  have  been  immense.     The  energetic  and  indefatigable 

firm  of  Messrs.  Marshall  and  Co.,  of  Leeds,  to  whom  the 

linen  manufacture  of  England  is  so  much  indebted,  I  am 

happy  to  say  are  turning  their  attention  to  the  preparatory 

processes  of  flax-dressing,  haying  purchased  an  extensive 

tract  of  land  in  Holderness,  chiefly  with  the  view  of  growing 

and  preparing  flax,  and  are  erecting  an  establishment  on 

a  large  scale,  for  the  purpose  of  steeping,  bleaching,  and 

scutching  the  stem.     When  parties  so  eminently  qualified, 

and  so  well  acquainted  with  the  requirements  in  connection 

with  the  raw  material,  undertake  its  production,  we  may 

augur  well  for  the  proper  accomplishment  of  the  desired 

end. 

The  dampness  of  the  climate  of  Great  Britain  and  Ireland 
is  often  complained  of,  and,  if  a  disadvantage  in  some  respects, 
it  ought  to  be  turned  to  account  in  those  instances  where  it  is 
favourable  to  peculiar  vegetation,  this  moisture  being  highly 
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oondaciye  to  the  prosperoas  and  soccesafol  cQlti?atioa  of  flax« 
But  there  is  another  consideration  whidi  I  oono^Te  to  bo 
most  important  in  estimating  the  advantages  of  flax  cultare 
in  a  popnlous  country  like  England,  which  is,  that  out  of  the 
expense  of  £12  per  acre,  incorred  in  raising  the  flax  and 
preparing  it  for  the  manufacturer,  about  £4  ISs.  pays  the 
cost  of  horse-hire,  manure,  rent,  and  taxes,  and  the  remaining 
£7  6s.  is  expended  in  the  wages  of  manual  labour ;  whereas 
in  a  crop  of  com  not  above  one-fourth  of  that  sum  is  appro- 
priated to  manual  labour.  According  to  goTcmment  returns 
the  annual  importations  of  foreign  flax  are  about  70,000 
tons,  for  the  payment  for  which  a  sum  of  about  £6,000,000 
is  sent  out  of  the  country.  This  weight  would  occupy  about 
250,000  acres  for  its  production,  with  an  expenditure  of 
nearly  £2,000,000  in  wages,  and  a  profit  to  the  growers  of 
at  least  the  same  amount, — ^inducements,  surely,  sufficiently 
potent  to  encourage  the  increased  home-production  of  this 
important  raw  material,  not  only  from  the  dictates  of  that 
all-powerful  stimulus,  self-interest,  but  from  the  more  worthy 
motive  of  patriotism. 

For  many  domestic  purposes  linen  is  far  preferable  to 
cotton,  and  is  constantly  so  used,  although  it  has  hitherto 
been  so  much  more  costly.  I  need  only  allude  to  the  beautiful 
manufacture,  so  important  to  Ireland,  of  damask  table  linen, 
the  production  of  which  would  no  doubt  be  greatly  increased 
by  the  cheaper  and  more  extended  growth  of  the  raw  material. 
Two  other  articles  would  also  be  much  more  used  than  now, 
if  cheaper,  being  so  far  superior  to  their  cotton  substitutes — 
I  mean  brown  hoUand  and  linen  checks,  to  which  may  also 
be  added,  furniture  prints  and  chintzes.  For  personal  wear, 
particularly  for  female  attire,  linen  fabrics  would  be  far  pre- 
ferable to  cotton,  not  only  from  their  greater  cleanliness,  and 
the  property  of  not  so  soon  gathering  dirt,  but  from  their 
much  greater  durability.     On  appealing  to  ladies  of  my  ac- 
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quaintance  whether  they  should  prefer  a  gown  made  from  a 
printed  cotton  muslin,  or  one  of  equal  fineness  manufactured 
from  flax,  I  have  invariably  received  a  reply  in  favour  of 
the  latter,  even  if  it  should  be  somewhat  more  costly.  One 
great  advantage  which  flax  possesses  over  cotton  is,  that  it 
becomes  whiter  by  constant  washing,  and  retains  a  purity  of 
colour  to  the  last,  instead  of  becoming  yellow  and  unsightly, 
as  cotton  articles  do  after  a  short  use.  This  important  pro- 
perty gives  a  superiority  and  clearness  to  printed  linens,  and 
a  beauty  to  linen  ginghams,  which  is  not  possessed  by  cotton 
articles  of  the  same  kind,  and  which,  added  to  the  less  downy 
quality  of  the  material,  produces  a  brighter  look  in  linen 
manufactures,  and  makes  them  really  retain  their  cleanliness 
much  longer  under  equal  circumstances.  The  strength  of 
the  fibre  of  flax  always  produces  a  texture  of  greater  tenacity, 
which  is  shown  by  the  much  greater  value  set  upon  the  thin 
and  open  fabrics  of  cambric  and  lace,  when  formed  of  flax, 
than  when  made  of  cotton.  A  foreign  production,  possessing 
many  of  the  qualities  and  properties  of  flax,  has  lately  been 
introduced  into  England,  called  Chinese  grass,  which  has 
been  used  not  only  for  the  more  homely  manufacture  of 
ropes,  but  also  for  ladies'  dresses.  The  fibre  appears  to 
be  very  fine  and  tenacious,  and  probably  may  be  used  with 
advantage  for  many  purposes;  but  I  have  not  sufficient 
knowledge  of  the  processes  necessary  for  its  manufacture 
to  compare  their  expense  with  those  required  by  flax,  nor 
am  I  aware  whether  there  is  any  probability  of  its  being 
successfully  introduced  into  England  as  a  profitable  crop, 
or  whether  the  plant  would  bear  our  climate. 

Having  enumerated  some  of  the  advantages  of  promoting 
the  growth  and  extended  use  of  flax  in  England,  I  will  now 
only  briefly  advert  to  the  consideration,  whether  its  fabrics 
can  successfully  compete  in  cost  with  those  of  cotton.  With 
regard  to  its  price,  I  think  I  have  shown  that,  with  proper 
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management,  flax  can  be  afforded,  in  a  state  prepared  for 
the  manufacturer,  at  a  cost  of  3d.  to  3|d.  per  lb.     The  price 
of  good  American  or  Georgia  cotton  has,  within  the  last 
thirty  years,  varied  exceedingly.     At  the  beginning  of  that 
period  it  was  20d.,  and  about  two  years  ago  it  had  gradually 
fallen  to  the  very  low  price  of  4^d.;  at  present,  owing  to  the 
deficiency  of  crop,  it  is  from  7d.  to  8d.  per  lb.     It  appears, 
therefore,  that  in  comparing  the  respective  cost  of  the  raw 
material  of  the  two  manufactures,  flax  has  an  advantage  (and 
occasionally  a  great  one)  in  point  of  cheapness ;  and  allowing 
the  after-waste  in  process  of  spinning  to  be  twenty  per  cent, 
greater  than  that  of  cotton,  (the  actual  cost  of  the  operation 
in  other  respects  being  much  the  same,)  still  flax  may  be  well 
able  to  compete  with  its  foreign  rival     I  understand  that  the 
process  of  heckling  the  flax,  that  is,  separating  the  long  from 
the  short  fibre,  or  the  jUxx  from  the  tow^  is  about  twenty  per 
cent.;  which  will,  I  find,  bring  the  price  or  cost  to  about  the 
same  as  that  of  cotton  two  years  ago.     Formerly,  the  loss 
from  the  short  fibre  which  was  separated  was  great;   but 
now  machinery  for  the  preparing  and  spinning  of  that  portion 
of  the  raw  material  has  been  brought  to  so  great  perfection,  - 
that  yam  of  almost  equal  fineness  can  be  produced  from  it, 
and  in  many  descriptions  of  goods  is  used,  to  the  manufacture 
of  which  formerly  only  the  long  flax  yam  was  appropriated. 
I  ought,  perhaps,  to  apologise  for  introducing  a  subject  on 
which  my  own  personal  experience  is  so  deficient;  but  my 
great  desire  to  aid  in  calling  public  attention  to  so  important 
a  crop  as  flax,  and  my  firm  belief  in  the  power  of  extension 
in  the  linen  manufacture  as  a  competitor  with  that  of  cotton, 
and  the  advantage  that  would  be  derived  to  the  country  from 
its  promotion,  must  plead  as  my  excuse.     I  trust  that  what  I 
have  now  said  may  elicit  a  discussion  from  those  present  who 
may  be  more  able  to  do  justice  to  the  subject ;  and  I  cannot 
but  hope  that  soon  the  requisite  knowledge  will  become 
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general  amoogst  farmers,  and  a  trial  may  be  fairly  made  of 
the  stability  of  the  views  which  I  hare  now  advanced. 


The  Noble  Chairman  expressed  his  opinion  that  the 
society  was  much  indebted  to  Mr.  Briggs  for  his  paper. 
He  considered  the  question  of  exhaustion  an  antiquated 
prejudice.  The  farmer,  in  his  opinion,  ought  to  cultivate 
that  which  he  could  derive  the  greatest  profit  from.  There 
ought  to  be  no  fear  of  the  exhausting  effects  of  a  crop,  if 
it  was  sufficiently  profitable  to  supply  the  means  of  repair- 
ing the  injury  produced  by  its  growth. 

Mr.  Morton  remarked  that,  as  to  profit,  flax  seemed, 
according  to  Mr.  Briggs,  calculated  to  leave  to  the  farmer 
about  the  same  as  a  wheat  crop.  There  did  not,  therefore, 
appear  a  sufficient  motive  for  giving  the  production  of  the 
former  a  preference  over  the  latter.  The  question  seemed 
to  narrow  itself  into  this  compass — whether  we  could  grow 
flax  at  a  cheaper  rate  than  we  can  procure  it  from  abroad  ? 

Mr.  Brigqs  was  of  opinion  that  it  could  be  produced 
cheaper;  and,  in  addition  to  that,  there  was  the  great 
amount  of  manual  labour  required  in  its  production,  which 
was  a  very  important  consideration.  For  £3  spent  in 
manual  labour  in  the  production  of  wheat,  £7  would  be 
required  in  the  production  of  flax. 

The  Noble  Chairman  thought  the  manual  labour  re- 
quired in  the  production  of  flax  a  subject  well  worthy  of 
consideration. 

Mr.  Morton  thought  that  for  Ireland,  where  they  had 
a  surplus  agricultural  population,  such  a  consideration  was 
important.  

The  Rev.  W.  Thorp  then  read  the  concluding  paper, 
*^  On  the  valuable  Ironstone  Mine  in  the  Oolite  district 
of  Eskdale/' 
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This  being  the  last  paper,  the  business  of  the  meeting 
terminated  as  soon  as  it  had  been  read,  by  a  vote  of  thanks 
to  Earl  Fitzwilliam. 

The  necessity  for  the  evening  meeting  was,  of  course^ 
superseded. 
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PROCEEDINGS 

OP  THX 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 
•f  t^t  CKenMBtOifitg  of  Voxkniixt, 

AT   THE    ANNUAL  MEETING,  HELD  IN  THE  PHILOSOPHICAL  BALL, 
HCDDERSFIELD,    ON   THURSDAY,    FEBBUART   3rD,    1848. 


The  Rev.  Josiah  Bateman,  M.  A.,  Vicar  of  Huddersfield, 
in  the  Chair. 

The  Rev.  Chairman  commenced  the  proceedings  by  an 
appropriate  address,  and  proposed  that  the  following  gentle- 
men be  admitted  as  Members  of  the  Society : — 

F.  H.  Rambbotham,  Esq.,  Fixby  Hall,  Huddenfield; 

Mr.  James  Raocliffk,  Hudderafield; 

John  Bbown,  Esq.*  Wingemorth  Hall,  Derbyahire; 

James  Taylor,  Esq.,  Manden; 

Richard  Carter,  Esq.,  Haliiax ; 

Richard  Gxoboe  Horton,  Esq.,  Leeds ; 

Which  was  seconded  by  Dr.  William  Alexander,  and 

they  were  unanimously  elected. 

The  Honorary  Secretary  (the  Rev.  Wm.  Thorp)  then 

read  a  very  satisfactory  Report  of  the  finances  of  the  Society, 

which  exhibited  a  considerable  balance  in  the  Treasurer's 

hands,  as  will  be  seen  by  the  annexed  statement  of  accounts: 

STATEMENT  OP  THE  RECEIPTS  AND  EXPENDITURE, 

Prom  28th  October,  18i6,  to  28th  October,  1847. 


DR.  £.  *,    d. 

To  Balance  in  TrMsurer't  haadf  ..    ft   0   81 
„  SuBiOBimoNS  from— 

1  Mambar  for  1838.. £0  10  6 

8  Hemben  for  1888..    1  11  6 

8  „  1840..    1  11  8 

6  „  1841..    8  18  0 

18  „  1848..  11  11  6 

80  „  18«..  19    7  6 

61  „  1844..  39    8  0 

m  M  1845..  44  19  0 

106  H  1846..  68  1ft  6 

00  „  1847..  82    7  6 


-9S8  18    0 


CR.  £.  *.  d. 

By  Stattonary,  &a 0  18  9 

„  AdTartbing  Meeilncs 4    4  0 

H  Bant  of  MoMom  Boom,  for  ona 

year  and  a  half   40    0  0 

„  Salary  of  AasUtant  Secretary  ..  ftO    0  0 

„  CoUeetlng  SabMriptlons 7  18  6 

„  Poitacea 4    16 

„  Bzpenae  of  Meetlnn  9  10  6 

„  Printing  Baporta  of  Prooeadlnfi, 

Ac 87  16  9 

„  Lithographing  Plates  for  ditto  ..    9    7  6 

„  Sundry  Bzpeniet 1  18  6 

„  Gaah  to"  


£228  18    81 
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Traaturer*!  handi 87  17  111 

£298  18    8fc 
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Thomas  Pitt,  Esq.,  moyed,  and  ChaHlbs  Morton, 
Esq.,  seconded,  **  That  the  following  noblemen  and  gentlemen 
be  Officers  and  Council  for  the  ensuing  year :" — 

Vrfiilimt 
EARL  FITZ  WILLI  AM,  F.R.S. 


Thb  Ddke  of  Norfolk. 
The  Earl  of  Effingham. 
The  Earl  of  Dartmouth. 
Lord  Wharncuffe. 
Viscount  Milton. 
Hon.  W.  S.  Labgblleb,  M.P. 
Sir  W.  B.  Cooke,  Bart. 
Rev.  Dr.  Scoresby,  F.R.S. 
Rev.  Samuel  Sharp. 
Rev.  Theofhilub  Barnbb. 
Rt.  Hon.  Sir  Chab.  Wood,  M.  P. 
T.  W.  Beaumont,  Ebq. 


J.  S.  Stanhope,  Ebq. 

George  Lane  Fox,  Ebq. 

J.  W.  Childerb,  Esq.,  M.P. 

E.  B.  Beaumont,  Esq. 

G.  Wentworth,  Esq. 

W.  Bennett  Martin,  Esq. 

J.  G.  Marshall,  Esq.,  M.P. 

Michael  Ellison.  Esq. 

T.  D.  Bland,  Jun.,  Esq. 

P.  D.  Cooke.  Esq. 

William  West,  Esq.,  F.R.S. 

R.  Monckton  Milnes,  Esq.,  M.  P. 


Henry  Briogb,  Esq. 
Henry  Holt,  Esq. 
Dr.  Heaton. 
Thomab  Wilson,  Esq. 


Cimnctl. 
Chab.  Morton,  Esq. 
J.  W.  Leather,  Esq. 
J.  T.  Clay,  Esq. 
J.  M.  Stanbfbld,  Esq. 


Dr.  Chadwick. 
Edward  Waud,  Esq. 
T.  W.  Emblbton,  Esq. 
W.  S.  Ward,  Esq. 


Rev.  William  Thorp,  MiMon. 

fl00totant  Jtecretorc  amir  Crentfurer. 
Mr.  Henry  Denny,  A.L.S. 

AoBoriirs  Gurotorf. 
T.  W.  Emblbton,  Esq.,  and  J.  G.  Marshall,  Esq.,  M.P.,  F.G.S.,  &c. 

Benjamin  Biram,  Esq.,  and  G.  W.  Chambers,  Esq. 

John  Jeffcock,  Esq.,  moved,  and  Benjamin  Biram, 
Esq.,  seconded,  <*  That  the  thanks  of  this  Society  be  given  to 
Thomas  Pitt,  Esq.,  of  Huddersfield,  Dr.  Wm.  Alexander, 
of  Halifax,  Phineas  Beaumont,  Esq.,  of  Sheffield,  and 
J.  C.  Walker,  Esq.,  of  Doncaster,  for  their  services  as 
Local  Treasurers;  and  that  they  be  requested  to  continue 
their  valuable  services." 
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The  Chairman  now  called  upon  Dr.  Wm.  Alexander  to 
read  the  first  Paper : — 

ON  THE  POWERS  OF  DISINFECTING  AGENTS,  AS  AUXILIARY 
TO  SANITARY  MEASURES.  BY  WM.  ALEXANDER,  ESQ., 
M.D.,  PHYSICIAN  TO  THE  HALIFAX  INFIRMARY  AND 
DISPENSARY. 

The  great  prevalence  of  an  infectious  fever,  and  the  in- 
troduction to  Parliament  of  a  sanitary  measure,  have  of  late 
invested  these  agents  with  more  than  ordinary  public  interest. 
They  are  not  proposed  merely  as  antiseptics  possessing  the 
power  of  arresting  or  preventing  organized  bodies  from 
passing  into  a  state  of  decomposition,  but  the  means,  as  the 
term  would  imply,  whereby  the  air  especially,  and  other  sub- 
stances, are  to  be  freed  from  the  taint  of  subtle  particles, 
sometimes  noxious  to  the  sense  of  smell  only,  and  sometimes 
to  life  and  health.  Their  operation,  however,  is  necessarily 
confined  to  comparatively  limited  spaces  within  and  around 
the  dwellings  of  man,  and  cannot  be  supposed  to  extend 
to  the  more  widely  diffused  essence  of  marsh  miasma,  nor 
materially  to  check  the  approach  of  devastating  epidemics. 
They  will  not  dispense  with  the  approved  drainage  of  the 
land  in  the  one  case,  nor  the  well  adjusted  ventilation, 
sewerage,  and  good  personal  and  domestic  management  best 
fitted  to  receive  such  visitations,  in  the  other. 

In  order  correctly  to  appreciate  the  probable  influence  of 
disinfectants,  perhaps  I  ought  to  say  something  of  malaria, 
a  word  much  employed  by  medical  men  to  designate  a 
peculiar  condition  of  the  atmosphere  found  to  be  unfavour- 
able to  the  preservation  of  health,  and  capable  at  any  time, 
in  susceptible  subjects,  of  inducing  disease.  Of  the  precise 
chemical  and  physical  properties  of  the  matter  of  infection, 
we  are  not  always  well  informed.     I  have  much  reason  to 
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believe  that  aqueous  vapour  is  its  ordinary  vehicle  of  commu- 
nication. Of  its  occasional  sources,  the  temperatures  most 
favourable  to  its  evolution,  the  laws  which  seem  to  govern 
its  propagation,  the  extrinsic  agencies  which  modify  its 
action  on  the  animal  economy,  and  of  the  measures  to  be 
resorted  to  to  guard  against  its  absorption,  or  to  render  it 
inert,  we  are  not  without  light  to  guide  us.  But  whether  it 
is  always  one  and  the  same  poison,  modiGed  only  in  its 
operation  by  its  degree  of  concentration,  by  caloric, 
electricity,  and  the  peculiar  constitution  of  the  infected,  or 
that  there  are  diversities  of  malarious  virus,  is  not  positively 
ascertained ;  though  I  myself  decidedly  incline  to  the  latter 
opinion  as  best  supported  by  corroborative  evidence.  Like 
will  produce  like,  as  the  seeds  of  plants  reproduce  seeds, 
and  the  poisonous  vesicle  or  pustule  generated  in  small  pox, 
cow  pox,  plague,  and  syphilis,  develop  these  diseases,  and  no 
other. 

Malaria,  in  its  medical  sense,  though  often  associated  with 
stench,  is  by  no  means  necessarily  so ;  neither  is  the  presence 
of  animal  and  vegetable  putrefaction  essential  to  its  genera^- 
tbn ;  though  in  towns  we  find  abundance  of  it  in  the  vicinity 
of  obstructed  and  ill-conditioned  sewers.  It  is  more  than 
probable  that  offensive  odors  promote  its  absorption  into  the 
human  system  by  their  known  sedative  action;  but  in  the 
original  specific  poisons  of  marsh  miasmata,  of  the  Asiatic 
cholera,  influenza,  and  epidemics  generally,  we  are  not 
conscious  of  any  smell  except  that  which  is  common  to  the 
districts  in  which  they  are  chiefly  found  to  prevail.  Atmos- 
pheric dilution  commonly  diminishes  the  virulence  of  aerial 
poison,  and  the  latest  seizures  from  its  effects  usually  assume 
a  milder  form  of  attack,  as  though  it  had  spent  its  powers,  or 
a  change  had  been  effected  in  the  electric  and  atmospheric 
currents.  'Actual  contact  with  the  infected,  in  the  most 
avowedly  contagious  diseases,  does  not  necessarily  induce 


Digitized  by  VjOOQ IC 


449 

them,  nor  does  the  absence  of  this  condition  confer  an 
exemption  from  attack ;  and  hence  it  is  often  wise  in  those 
who  have  no  family  ties  or  social  obligations  on  the  spot, 
to  fly  from  the  scene  of  any  spreading  pestilence,  whilst  for 
those  who  remain  the  best  protection  will  be  found  in  the 
early  adoption  of  judicious  sanitary  precautions. 

Nature's  own  atmosphere  is,  I  apprehend,  the  only 
gaseous  medium  consistent  with  the  maintenance  of  health. 
All  deviations,  therefore,  in  its  chemical  composition  and  the 
relative  proportions  of  its  own  constituent  principles,  as  well 
as  its  admixture  with  foreign  solid  and  aeriform  fluids,  must 
be  regarded  as  more  or  less  injurious,  according  to  the  degree 
of  variation  and  their  peculiar  mode  of  action.  Hence  every 
gas,  other  than  those  contained  in  the  atmosphere,  may  be 
viewed  as  poisonous,  and  unfitted  for  the  due  aeration  of  the 
blood  in  its  circulation  through  the  lungs.  This  explanation, 
if  admitted,  will  enable  me  to  simplify  the  subject,  and  dis- 
pense with  any  detailed  classification  of  the  deleterious  gases 
founded  on  their  difibrent  properties  and  manner  of  operation. 
Some  of  them,  when  concentrated  or  pure,  are  for  a  time 
respirable;  others  are  irrespirable  in  such  a  state;  some,  even 
when  largely  diluted  with  common  air,  are  narcotic  in  their 
action ;  and  others  of  them  thus  circumstanced  are  irritants. 
I  do  not  think  there  are  any  possessing  negative  qualities, 
although  usually  so  divided.  Nitrogen  itself,  when  pure, 
will  soon  induce  sufibcation;  and  its  greater  affinity  for 
hydrogen  makes  it  readily  quit  the  atmosphere  to  form 
ammonia  and  cyanogen.  If  superadded  to  the  air  beyond 
nature's  proportions,  the  efiect  will  be  to  exclude  one-fourth 
of  its  own  volume  of  oxygen  in  any  present  given  quantity, 
which  could  not  fail  to  be  pernicious  if  inhalation  of  it  were 
long  continued,  for  oxygen  undoubtedly  performs  the  prin- 
cipal functions  in  the  process  of  respiration.  Hydrogen, 
like  nitrogen,  may  be  inhaled  for  a  very  short  time,  but  in 
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like  manner  is  unable  to  effect  the  necessary  change  in  the 
pulmonary  blood.  When  mixed  with  oxygen  in  the  proportion 
of  four  to  one  by  measure,  it  may  be  much  longer  respired, 
but  it  is  with  a  somnolent  and  narcotic  effect.  The  various 
combinations  of  hydrogen,  the  common  products  of  animal 
and  vegetable  decomposition,  are  all,  indeed,  capable  of  a 
serious  sedative  action  upon  the  heart  and  brain  through 
their  influence  on  the  nervous  system.  In  the  human  excreta 
and  refuse  of  towns  we  have  a  very  considerable  generation 
of  hydrogen  associated  with  carbon,  ammonia,  phosphorus, 
and  sulphur,  all  of  which  are  offensively  odorous,  and 
occasionally,  when  concentrated,  fatal  in  their  effects ;  whilst 
in  milder  instances  they  induce  nausea,  giddiness,  and  a 
lethargic  depression  of  the  vital  powers.  Dr.  Leeson's  late 
classification  of  these  putrescent  vapours  is,  I  think,  open 
to  objection,  and  would  convey  an  erroneous  inference  as  to 
the  true  character  of  these  gaseous  compounds,  inasmuch  as 
he  includes  carbonic  acid  and  oxide  with  the  remittent  and 
typhoid  miasmata  under  the  head  of  *^  dangerous,  but  in- 
odorous," whilst  the  combinations  of  hydrogen  are  repre- 
sented merely  as  offensively  "  odorous ;"  whereas  of  these 
relative  gases  when  present  in  respirable  equal  quantities, 
the  latter  are  unquestionably  the  more  pernicious  of  the  two, 
whether  viewed  as  a  chemist  or  tested  in  medical  practice. 
It  is  a  doubtful  assumption,  too,  to  affirm  that  typhoid  mias- 
mata are  inodorous ;  for  should  they,  as  I  think,  consist  of 
minute  putrid  particles  held  in  atmospheric  suspension  by 
aqueous  vapour,  the  probability  is  that  they  are  odorous. 

Carburetted  hydrogen,  a  component  of  the  explosive 
atmosphere  of  our  collieries,  is  respirable  when  mixed  with 
fourteen  times  its  own  volume  of  common  air;  though  colliers 
as  a  class,  from  their  mode  of  labour,  bad  habits,  and  foul 
air,  are  too  often  found  to  be  a  deformed  and  short-lived 
race.      All   the  illuminating  gases  may  in  like  manner  be 
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regarded  as  unfitted  for  respiration,  and  capable  of  inducing 
narcotic  poisoning  and  diminished  vital  action. 

Of  all  the  volatile  combinations  of  hydrogen  in  nature, 
distinguished  for  their  villainous  smell,  those  with  sulphur, 
phosphorus,  and  ammonia  are  the  most  noisome.  These  are 
the  true  products  of  animal  putrescence  and  feculent  dis- 
charges. The  privy  drainage  is  fruitful  of  these  compounds; 
and  although  we  find  that  the  daily  inhalation  of  diluted 
draughts  of  these  gases,  when  recently  evolved,  is  compatible 
with  health  to  grooms,  tanners,  and  others,  whose  occupation 
is  amongst  them,  yet  every  day's  observation  serves  to  con- 
vince me  that  they  are,  under  other  circumstances,  highly 
inimical  to  animal  life.  Though  not  invariably  and  to  all 
alike  equally  pestiferous,  they  ordinarily  exert  a  baneful 
influence  on  the  nervous  centres,  if  they  do  not  occasion 
positive  illness.  I  have  known  fourteen  cases  of  fever 
promptly  induced  in  a  court  at  Halifax,  by  the  long  deferred 
removal  of  a  single  ash-pit  cesspool.  The  experiments  of 
Halle,  Chaussier,  and  Gay  Lussac,  all  demonstrate  the 
poisonous  influence  of  sulphuretted  hydrogen  when  intro- 
duced into  the  system,  either  by  the  access  to  the  lungs, 
cellular  tissue,  stomach,  or  the  rectum.  They  found  that 
atmospheric  air,  when  charged  with  the  150th  part  of  this  gas, 
proved  fatal  in  a  very  short  time  to  a  horse,  one  800th  to  a 
dog,  and  that  in  the  proportion  of  one  1,500th  it  immediately 
destroyed  a  small  bird.  Nine  quarts  of  it  introduced  into 
the  intestine  through  the  rectum  of  a  horse,  killed  the  animal 
in  one  minute ;  and  when  merely  applied  to  the  skin  of  a 
rabbit,  it  died  in  ten.  The  hydro-sulphate  of  ammonia, 
when  undiluted,  at  once  occasions  asphyxia;  and  one  or 
two  well  ascertained  cases  have  occurred  within  the  last  six 
months,  in  London  and  elsewhere,  of  death  from  this  cause, 
in  which,  I  believe,  the  blood  was  found  to  be  fluid,  the 
muscles  flaccid,  and  the  air  cells  of  the  lungs  filled  with 
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this  gas,  as  proved  by  its  smell  and  appropriate  metallic  tests. 
In  milder  forms  I  have  seen  nausea,  and  an  approach  to 
coma,  with  dilated  pupil,  and  a  feeble  irregular  pulse,  as  the 
more  prominent  symptoms,  from  a  like  exposure  to  these 
noxious  vapours,  and  it  is  with  these  elementary  and  com- 
pound essences  that  disinfectants  and  deodorising  agents  are 
more  especially  designed  to  deal,  when  impregnating  the  air 
and  other  bodies  with  their  peculiar  foetor.  The  gaseous 
combinations  of  carbon  operate  according  to  their  degree  of 
concentration  or  proportion  of  atrial  admixture,  in  a  manner 
analogous  to  those  already  considered.  But  besides  being 
the  products  of  the  decomposition  of  organised  substances 
and  the  processes  of  vegetation,  we  have  familiar  instances 
of  their  generation  in  crowded  close  chambers,  and  in  the 
ordinary  combustion  of  fuel.  It  is  no  unusual  thing  in  Dis- 
pensary and  Parochial  practice  for  us  to  find  rooms  in  which, 
from  the  number  of  their  inmates,  the  air  is  so  foul,  chiefly 
from  having  been  repeatedly  respired,  that  the  flame  of  a 
candle  aflbrds  too  small  a  light  to  see  the  patient,  if  we  our- 
selves, coming  out  of  the  fresh  air,  can  approach  him  without 
being  almost  stifled  in  the  attempt 

The  effects  of  an  atmosphere  which  will  so  languidly  sup- 
port the  combustion  of  a  taper,  will  be  readily  conceived  to 
be  irrespirable  with  impunity  by  man;  and  accordingly  within 
the  last  twelve  months,  at  Halifax,  we  have  had  an  instance 
of  one  common  lodging-house  of  two  rooms  having  had  sixty 
sick  inmates  in  the  course  of  sixteen  weeks.  The  head-aches 
and  giddiness  frequently  experienced  from  evening  meetings, 
when  large  numbers  of  people  assemble  in  limited  spaces, 
arise  from  the  same  cause,  together  with  the  illumination, 
which,  in  neglect  of  ventilation  or  any  provision  for  the 
renewal  of  the  air  within,  rapidly  converts  portions  of  the 
oxygen  present  into  carbonic  acid  and  oxide,  attended  by  an 
evolution   of  carburetted   hydrogen   and  traces   of  hydro- 
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sulphate  of  ammonia.  In  all  such  cases,  as  in  undue 
exposure  to  the  disengaged  gases  of  vinous  fermentation 
and  charcoal  fires  in  other  countries,  not  only  is  there  an 
unnatural  atmosphere  generated,  but  equivalent  volumes  of 
vital  air  are  withdrawn,  and  an  admixture  of  35  per  cent,  of 
carbonic  acid  is  destructive  of  life  to  small  quadrupeds  in 
about  ten  minutes.  Experiments,  indeed,  sufficiently  attest 
the  poisonous  properties  of  this  gas  when  applied  merely  to 
the  skin  by  immersion  in  it,  the  ordinary  atmospheric  access 
to  the  lungs  being  continued.  In  its  pure  state,  like  the 
irritant  gases,  it  cannot  even  be  inhaled,  and  suffocation  from 
choke  damp  is  more  difficult  of  removal  by  timely  resort  to 
appropriate  measures  than  when  produced  by  either  hydrogen 
or  azote.  Did  persons  but  consider  that  each  adult  deterio- 
rates by  his  respiration  about  800  cubic  inches  of  air  per 
minute,  or  180  gallons  of  it  per  hour,  and  each  argand  gas 
burner  still  more,  regard  would  surely  be  had  to  some  of  the 
simple  modes  of  ventilation  adapted  to  crowded  apartments 
and  public  buildings  beyond  the  mere  fire-place  flues.  Equally 
destitute  of  smell,  the  carbonic  oxide,  though  perhaps  less 
directly  sedative  when  inhaled  with  a  necessary  admixture  of 
atmospheric  air,  will  shortly  excite  some  mucous  irritation, 
weight  in  the  head,  dimness  of  sight,  and  giddiness ;  partly 
from  its  direct  narcotic  impression,  but  mainly,  I  apprehend, 
from  its  inability  to  decarbonize  the  blood. 

On  the  consideration  of  the  other  gases,  which  are  chiefly 
of  a  corrosive  character,  we  need  not  just  now  enter,  since, 
with  the  exception  of  ammonia  and  sulphurous  acid,  they 
are  not  much  found  free  in  nature,  and  have  indeed  them- 
selves from  time  to  time  been  suggested  as  possessing  the 
powers  of  disinfection.  In  common  with  those  already 
mentioned,  they  are  unable  to  aerate  the  blood;  but  some 
of  them  exercise,  likewise,  even  when  largely  diluted  with 
atmospheric  air,  an  irritant  action  upon  the  mucous  surfaces. 
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which  renders  them  almost  irrespirable.  Their  properties, 
however,  will  by-and-by  claim  a  passing  notice  as  disinfect- 
ants, to  which  branch  of  the  subject,  without  further  preface, 
I  propose  now  to  proceed. 

To  dis-infect  is,  I  apprehend,  to  deprive  from  the  air 
and  other  bodies  certain  known  or  unknown  deleterious  or 
offensive  qualities,  commonly  designated  by  the  terms  infec- 
tion, malaria,  miasma,  matter  of  contagion,  volatile  effluvia, 
mephitic  emanations,  and  the  like,  which,  founded  upon 
observations  innumerable,  are  productive  of  disease  when 
communicated  to  the  constitution  of  susceptible  individuals. 
In  this  sense  of  the  word  is  conveyed  a  comprehensive  but 
not  very  precise  signification.  To  anti-contagionize  might 
afford  in  one  of  these  senses  a  more  definite  mode  of  ex- 
pression, had  the  word  admitted  of  a  verbal  form.  The 
wider  meaning,  of  course,  best  suits  the  vendor  of  a  dis- 
infectant as  a  commercial  article,  being  co-extensive  with 
contamination  of  every  kind.  The  line  of  distinction,  how- 
ever, which  I  would  at  the  outset  lay  down  is,  that  deleterious 
agencies  may  be  in  operation  appreciable  only  by  their  effects, 
as  well  as  those  which  are  manifestly  discernible  by  the  aid 
of  the  sense  of  smelL  Both  these  kinds  of  infecting  essences 
may  be,  and  in  towns  usually  are,  associated  in  the  origina- 
tion and  diffusion  of  epidemic  pestilence,  the  extent,  type, 
and  character  of  which  will  be  materially  modified  in  degree 
as  well  as  form,  by  the  condition  as  to  purity  of  the  imme- 
diate surrounding  atmosphere,  and  the  previously  existing 
state  of  health  and  habit  of  body  of  those  infected  by  it. 
Hence  the  passage  in  the  Registrar  General's  late  quarterly 
report,  that  a  cleanly  town,  when  visited  by  a  devastating 
plague,  is  somewhat  in  the  position  of  a  city  securely  built 
of  stone  in  the  midst  of  a  general  conflagration ;  and  hence 
to  the  like  effect  are  the  conclusions  arrived  at  by  the 
metropolitan  sanitary  commission,  as  enunciated  in  their  first 
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report  just  issued.  It  is  needless,  perbaps,  to  furnish 
examples  illustrative  of  tbis  principle,  which  is  familiar  with 
the  experience  of  all  observers,  and  the  very  recent  exemp- 
tion of  Sarepta,  a  Moravian  colony  on  the  Wolga,  noted 
for  its  cleanliness  and  well  conducted  inhabitants,  from  any 
visitation  by  the  cholera  during  the  present  epidemic,  or 
that  which  raged  along  that  direct  line  in  1830,  is  another 
instance  as  applicable  to  that  disease  of  what  we  have  long 
known  to  be  operative  with  respect  to  typhus.  As  filth, 
however,  is  stiU  elsewhere  predominant,  it  behoves  us  to 
deal  with  it  The  media  by  means  of  which  infecting  par- 
ticles are  communicated  to  the  human  system  are  probably 
various,  though  not  of  such  a  character,  I  think,  as  at  all  to 
justify  the  severe  restrictions  imposed  by  the  quarantine 
laws  now  prevalent  in  the  east  The  most  efficient  cordons 
sanitaires  I  have  always  considered  would  be  found  in  an 
intelligent  regard  being  had  to  the  conservation,  by  already 
well  ascertained  means,  of  the  health  and  comfort  of  those 
at  home.  That  certain  porous  solid  bodies  are  capable  of 
receiving  and  retaining  within  their  interstices  noxious  fluid 
and  gaseous  communicable  particles,  I,  as  a  contagionist 
imder  certain  circumstances,  am  prepared  to  admit;  but 
I  believe  that  under  dilution  they  would  ordinarily  be  harm- 
lessly in  contact  and  respired  by  persons  really  possessing 
an  average  state  of  good  health;  and  that  it  is  the  low 
standard  of  salubrity  of  those  living  within  the  area  of 
confined  masses  of  stagnant  atmospheric  air,  charged  with 
septic  vapours,  which  gives  a  predisposition  to  the  reception 
of  morbid  impressions  in  these  cases,  rather  than  to  any 
peculiar  chemical  or  other  affinity  subsisting  between  ma^ 
larious  particles  and  the  respiratory  medium  of  the  individual 
system.  In  the  common  typhus  of  towns  these  conditions 
are  very  obviously  traced  to  a  total  disregard  of  sewerage, 
as  furnishing  the  infecting  agent,  <tnd  of  due  ventilation  as 
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indispensable  to  the  healthy  performance  of  the  respiratory 
function*  As  in  the  intermittents  from  marshy  emanations, 
so  in  typhus,  we  have  a  well  defined  limit  in  general  to  its 
extension,  as  though  the  power  of  the  poison  had  been 
impaired  or  even  lost  by  diffusion;  and  that  periodically 
recurring  epidemics,  the  influenza  excepted,  should  almost 
invariably  select  their  victims  from  the  same  classes  of 
persons,  and  from  the  same  neglected  parts  of  populous 
towns,  sufficiently  demonstrates  the  intimate  connexion  that 
exists  between  disease  and  surrounding  impurities.  As 
already  observed  when  considering  the  gases,  a  distinction 
should  be  drawn  between  the  malarious  corpuscles  which  I 
not  only  consider  to  exist,  though  certainly  not  endowed 
with  organic  life,  but  to  be  disseminated  by  the  aid  of 
aqueous  vapour,  and  the  sample  exhalations  of  odorous  par- 
ticles. The  former  I  believe  to  be  absorbed,  chiefly  through 
the  pulmonary  tissue,  into  the  circulation,  which  with  Liebig 
I  consider  the  part  of  the  human  organism  most  vulnerable 
to  exterior  influences;  whilst  the  latter  efiect  their  access 
to  the  body  mainly  by  instantaneous  impressions  on  the 
olfactory  and  nervous  expansions  generally  of  the  mucous 
membranes.  The  united  operation  of  these  agents  of  in- 
fection I  have  often  seen  induce  immediate  illness ;  whereas 
the  single  action  of  the  first  commonly  afibrds  an  interval 
or  latent  period  previous  to  the  full  development  of  the 
poisonous  effects  engendered  by  it.  In  the  first  case  we 
have  what  has  been  termed  the  organic  ferment,  whilst  in  the 
last  the  blood  does  not  necessarily  undergo  change. 

I  have  thus  deemed  it  desirable  we  should  glance  at  the 
nature  of  infecting  materials  and  the  channel  whereby  they 
may  enter  to  contaminate  the  system,  because  on  a  tolerably 
accurate  knowledge  of  these  points  must  be  founded  all 
rational  means  of  correction.  Various,  however,  as  are  the 
sources  of  contamination,  and  whatever  views  may  be  held 
as  to  the  precise  mode  of  action  in  the  process  of  infection, 
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the  measures  recommended  for  adoption  to  meet  the  evil 
are,  speaking  generally,  such  as  are  comprehended  in  a 
well  dcTised  national  scheme  of  sanitary  improvement  But 
to  particularize,  more  especially  in  reference  to  the  imme- 
diate subject  before  us,  I  shall  confine  my  remaining  ob- 
servations to  a  brief  review  of  the  popular  means  which 
from  time  to  time  have  been  suggested  to  clear  the  air  and 
other  bodies  of  stench,  putrid  emanations,  the  matter  of 
contagion,  and  the  like  supposed  agents  or  vehicles  of  in- 
fection. 

The  means  resorted  to  may  be  comprised  under  six  sec- 
tions, viz.  first,  the  prompt  removal  of  all  surrounding 
impurities,  refuse,  and  other  sources  of  obvious  pollution ; 
secondly,  correction,  by  thorough  ventilation,  within  and 
without  infected  localities;  thirdly,  by  the  admixture  of 
certain  gaseous  fluids  with  the  tainted  atmosphere  when 
confined  to  limited  spaces ;  fourthly,  by  the  aid  of  sundry 
chemical  agents  possessed  of  exhalent  or  absorbent  pro- 
perties, by  the  action  of  which  affinities  are  brought  into 
force  capable  of  divesting  the  air  or  other  matters  of  their 
offensive  odour  and  noxious  qualities ;  fifthly,  by  the  addition 
of  antiseptics  to  decomposing  materials;  and  sixthly,  by 
washing,  cleansing,  and  otherwise  purifying  by  exposure  to 
the  sun's  rays  and  atmospheric  dilution. 

On  the  two  first  and  last  of  these  divisions,  though  by 
far  the  most  important,  and  those  upon  which,  par  excellence^ 
all  other  measures  should  be  based,  I  must  forbear  to  enter 
as  somewhat  foreign  to  my  present  object,  and  lest  I  should 
be  tempted  to  inflict  upon  your  patience  a  very  long  paper 
on  the  sanitary  question.  In  limine,  however,  I  would 
observe,  that  I  do  not  propose  to  consider  disinfecting  gases 
and  deodorizing  fluids  as  in  substitution  of,  but  as  sub- 
sidiary to,  sanitary  measures  generally.  Their  application 
is  necessarily  limited,  for  no  prevaUing  pestilential  constitu- 
tion of  the  general  atmosphere  of  a  district  can  be  materially 
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affected  by  them,  whatever  protection  they  may  afford  to 
individuals.  Should  future  researches  prove  these,  or  any 
other  physical  agents,  to  have  specific  efficacy  in  checking 
the  rise  and  propagation  of  febrile  diseases,  beyond  what 
sanitary  precautions  are  confidently  expected  to  accomplish, 
a  great  desideratum  will  be  attained ;  and,  in  the  mean  time, 
my  own  daily  experience  warrants  me  in  viewing  some  of 
the  proposed  disinfectants  as  decidedly  beneficial  in,  at  the 
least,  correcting  nauseous  smells,  which  I  have  already  shewn 
to  exert  a  baneful  effect  upon  the  nervous  system.  The 
difficulty  I  have  hitherto  always  found  in  estimating  their 
intrinsic  value  in  checking  the  spread  of  typhus  has  arisen 
partly,  perhaps,  from  not  having  experimented  on  a  suffi- 
ciently wide  scale,  but  chiefly  that  their  employment  has 
been  contemporaneously  associated  with  ventilating  and  other 
purifying  measures,  to  which  some  portion  of  the  attendant 
success  might  be  fairly  ascribed. 

From  a  very  early  period  the  application  of  caloric  with 
a  view  to  destroy  infecting  particles,  was  much  esteemed 
for  its  efficacy;  and  when  we  reflect  on  the  ventilating 
properties  of  heat  in  altering  the  densities  of  the  atmos- 
phere, and  thus  establishing, currents,  (as  will  probably  be 
fully  explained  to  you  this  day  in  a  subsequent  paper),  we 
are  not  surprised  to  find  that  the  lighting  of  large  fires  in 
the  narrow  streets  of  old  towns  was  a  common  practice  in 
seasons  of  unusual  pestilence.  Heat,  indeed,  has  more 
recently  been  suggested  as  having  the  power  of  decomposing 
the  contagious  principle ;  and  analogies  are  not  wanting  in 
support  of  the  proposition,  for,  inter  alia,  it  has  been  found 
that  the  vaccine  lympth  is  rendered  incapable  of  communi- 
cating the  cow-pox  after  exposure  to  a  temperature  so  low 
even  as  140*  of  Fahrenheit's  scale.  This  fact  accords  well 
with  my  own  theory  as  to  an  intimate  connection  subsisting 
between  aqueous  vapour  and  malarious  atoms;  for  heat  would 
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probably  dissipate  the  union,  upon  which  their  yirulence 
and  dissemination  may  depend.  The  numerous  experiments 
of  the  late  Dr.  Henry  with  the  flannel  shirts  of  patients 
labouring  under  typhus,  measles,  and  scarlatina,  though 
not  quite  conclusive  in  support  of  his  opinions,  will  perhaps 
be  within  the  recollection  of  some  of  you  now  present 
Dry  heat  has  a  great  recommendation  in  its  facility  of 
application,  without  injury,  to  suspected  articles  of  clothing 
and  fabricated  manufacture. 

That  by  fumigation  mischievous  vapours  might  be  de- 
composed and  dispelled,  has  always  been  a  very  natural 
idea;  and  hence  sundry  aromatics,  even,  have  occasionally 
enjoyed  no  mean  share  of  popular  approbation.  Doubtless 
in  thus  disguising  fsetor,  and  in  substituting  an  agreeable 
for  an  unpleasing  smell,  the  resulting  impression  upon  the 
nervous  system  is  not  to  be  despised  in  enabling  the  body 
to  resist  mephitic  influences.  The  combustion  of  sulphur, 
the  deflagration  of  nitre,  and  the  explosion  of  gunpowder, 
have  severally  had  their  advocates,  and  the  fiimes  of  vinegar 
are  still  in  repute.  Muriatic  acid  had,  as  I  think  deservedly, 
a  great  continental  fame;  and  the  introduction  of  nitrous 
acid  gas  as  a  disinfector  obtained  for  its  fortunate  patron, 
60  years  ago,  a  Parliamentary  grant  in  this  country.  It  is 
highly  probable  that  the  mineral  acids,  from  their  stimulant 
and  corrosive  properties  upon  organised  textures,  have  some 
good  effect  on  noxious  efSuvia  of  animal  or  vegetable  origin ; 
but  except  when  sparingly  impregnating  an  atmosphere,  I 
do  not  think  them  so  applicable  where  they  are  perhaps 
most  wanted,  viz.  in  inhabited  apartments. 

Quick  lime,  and  its  hydrate  suspended  in  water  as  white- 
wash, has  long  and  very  properly  possessed  public  confidence 
in  promoting  cleanly  and  wholesome  dwelling-rooms.  To  be 
really  useful,  however,  lime-washing  should  be  repeated  more 
frequently  than  is  customary ;  for  on  its  power  as  an  absorb- 
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enty  especially  of  carbonic  acid,  much  of  its  chemical  efficacy 
depends.  In  larger  quantities  lime  has  been  much  employed 
in  correcting  the  disagreeable  smell  from  cesspools. 

Charcoal,  too,  is  not  destitute  of  virtue,  and  formed  pro- 
bably the  base  of  Salomon's  powder  rioir  animalisiy  as  of 
the  pastilles  and  water  filters  much  used  some  years  ago. 

The  preference  over,  other  disinfectants  I  have  always 
given  to  chlorine  has  hitherto  been  undisturbed,  although 
it  has  been  my  practice  to  make  trials  from  time  to  time 
of  newly  recommended  agents.  Its  ordinary  evolution  in 
the  a^form  state,  and  its  marked  affinity  for  one  of  the 
elements  of  the  most  common  and  the  most  offensive  of 
septic  gases,  and  its  applicability  in  the  form  of  Labarr- 
hague's  liquid  within  the  chambers  of  the  sick,  in  my  mind 
give  it  a  pre-eminence  over  all  its  rivals.  Although  sul- 
phuretted hydrogen,  hydrosulphate  of  ammonia,  carburetted 
hydrogen,  and  carbonic  acid,  be  not  really  the  matter  of 
infection,  these  gases  in  towns  are  its  frequent  associates, 
and  chlorine  readily  decomposes  the  three  first,  and,  when 
combined  as  in  this  fluid  with  lime,  is  replaced  by  the  last. 
Daily  experience  attests  its  efficacy  in  promptly  correcting 
the  stench  of  infected  apartments,  and  its  value  in  remedying 
the  nuisance  of  bad  odours  in  water-closets  is  familiar  to  you 
all.  When  properly  used,  it  does  not  permanently  leave  its 
own  peculiar  smell  for  the  original  one  which  it  removes. 
It  does  not  act  on  the  principle  of  a  substitute  disguising 
the  first  smell,  but  chemically  to  annihilate  it  And  the 
objection  sometimes  raised  as  to  its  employment  in  the 
wards  of  the  sick  is  not  valid ;  for  except  in  some  cases  of 
disease  affecting  the  respiratory  organs,  in  which,  as  a  dis. 
infectant,  it  is  less  required,  chlorine  may,  when  suitably 
diluted,  in  all  other  instances  be  harmlessly  inhaled.  It  is 
respirable  in  the  preparation  of  bleaching  powder,  I  under- 
stand, when  present  in  the  proportion  of  about  7  per  cent., 
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though  cases  are  said  to  have  occurred  both  in  the  chemist's 
laboratory,  and  the  works  in  which  it  is  commercially  manu- 
factured, of  fatal  attacks  of  bronchitis  having  been  induced 
from  it  On  the  other  hand,  its  dilute  inhalation  has  been 
confidently  recommended  as  restorative  in  pulmonary  con- 
sumption ;  and  in  my  own  observation  of  its  constant  use, 
I  have  never  in  a  single  instance  witnessed  any  bad  effects. 

As  an  antiseptic,  Labarrhaque's  solution  is  equally  effi- 
cacious in  purifying  the  tainted  air  extricated  from  soap- 
boiling,  bone-crushing,  tallow  rendering,  from  drains,  cabi- 
nets d'aissance,  sewers,  and  night-chairs,  and  the  like 
unwholesome  sources  of  effluvium.  Assuming  chlorine  to 
possess  some  specific  power  on  malarious  infecting  matter, 
which  my  own  experience  would  seem  to  justify,  its  action 
in  this  capacity  may  be  supposed  to  reside  in  the  decom- 
position of  the  associated  aqueous  vapour,  for  which  it  has 
a  great  affinity,  with  a  resulting  formation  of  chloric  and 
hydrochloric  acids,  and  an  inert  deposit  of  putrescent  par- 
ticles. 

The  preparation  before  you  was  made  by  simply  passing 
chlorine  through  a  saturated  solution  of  fresh  lime-water, 
with  a  little  additional  lime  in  suspension,  and  may  be 
largely  diluted  for  ordinary  disinfecting  purposes.  The 
solution  of  chloride  of  soda  is  readily  made  by  decomposing 
this  fluid  with  the  carbonate  of  soda,  and  possesses  deodo- 
rant properties  well  suited  for  the  dressing  of  sloughing 
and  ulcerated  surfaces,  though  in  medical  efficacy  inferior 
in  many  cases,  where  an  astringent  is  likewise  wanted,  to 
the  diluted  liquids  of  Ledoyen  and  Burnett. 

The  simplicity,  efficiency,  and  inexpensive  character  of 
these  chlorurets,  when  prepared  on  a  large  scale,  give  them 
a  very  strong  recommendation ;  and  were  they  sold  at  about 
one-third  their  present  retail  price,  we  might  hope  to  intro- 
duce them  into  general  use.     There  is,  too,  I  see,  advertiised 
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this  month,  a  neat  apparatus  approved  by  the  Pharmaceu- 
tical Society,  to  be  had  at  123,  Newgate-street,  for  five 
shillings,  whereby  chlorine  may  be  gradually  but  continuously 
evolved  in  a  quantity  sufficient  to  impregnate  the  air  of  a 
ten-roomed  house  for  24  hours  at  the  cost  of  one  penny. 
As  this  gas  has  double  the  density  of  atmospheric  air, 
however,  the  second  landing  would,  I  think,  be  a  preferable 
site  for  the  generator,  to  the  passage  or  entrance  hall  pro- 
posed by  Mr.  Smith. 

The  recommendation  I  have  thus  ^ven  of  chlorine,  in 
general  terms,  will  not  preclude  us  from  entering  upon  a 
review  of  other  disinfecting  agents,  and  especially  such  as 
have  of  late  obtained  decided  approval  These  will  be 
found  all  to  consist  of  soluble  salts  with  metallic  bases. 
Of  the  whole  group  of  them  it  may  be  safely  affirmed  that 
they  unquestionably  possess  the  property  of  decomposing 
those  offensive  effluvia  in  which  sulphuretted  hydrogen  and 
the  ammoniacal  gases  are  the  active  ingredients;  and  had 
their  respective  patrons  been  content  to  rest  their  powers 
on  this  faculty  until  experience  had  tested  their  more  ex- 
tended claims,  the  discredit  attachable  to  the  undue  puffing 
of  any  particular  nostrum  would  undoubtedly  have  been 
obviated. 

Siret's  paste,  consisting  chiefly  of  the  sulphate  of  zinc ; 
Shalteman's  sulphate  of  iron;  Burnett's  chloride  of  zinc; 
Ledoyen's  and  the  unfortunate  Calvert's  nitrate  of  lead; 
EUerman's  persalt  of  iron ;  and  Young's  refuse  manganese, 
have  all  stench-destroying  agencies,  and  are  also  in  a  greater 
or  less  degree  arUiaeptiCf-^h  union  of  properties  of  no  small 
advantage  for  disinfecting  purposes.  As  already  explained, 
it  does  not  necessarily  follow  that  such  substances  are  anti- 
dotes to  or  corrective  of  a  miasm-charged  atmosphere  or 
of  disease-transmitting  particles ;  although,  as  I  have  shewn, 
by  neutralizing  foDtor  and  thus  preventing  a  depressing  shock 
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to  the  nervous  system,  their  effect  will  be  to  diminbh  sus- 
ceptibility to  the  absorption  of  malarious  poison,  and  afford 
purity  and  freshness  to  the  chambers  of  the  sick.  In  this 
sense  it  is  yery  possible  they  hare  some  efficacy  in  the 
secondary  causes  of  epidemic  disease,  by  lessening  its  inten- 
sity and  checking  its  spread  when  already  generated.  To 
accomplish  these  objects  is  no  mean  enterprise,  and  it  re- 
mains for  us  very  briefly  and  impartially  to  consider  the 
claims  of  each,  and  to  compare  their  relative  value  for 
some  of  the  purposes  assigned. 

Were  testimony  to  govern  our  decision,  the  efficacy  of 
all  these  agents  for  all  manner  of  ends  upon  organic  and 
inorganic  matters  would  be  sufficiently  attested,  and  the 
labour  of  selection  superfluous;  for  they  severally  enjoy 
the  sanction  of  names  which,  for  weight  of  character  and 
professional  eminence,  have  seldom  been  surpassed.  On  the 
other  hand,  their  introduction  has,  by  some  persons,  very 
unjustly  been  condemned.  But  so  long  as  we  have  excava- 
tions in  back  yards  surmounted  by  high  walls,  the  receptacles 
of  all  kinds  of  decomposing  filth  and  garbage,  steeping  the 
ground  itself  with  rottenness ;  so  long  as  the  cesspool  sys- 
tem and  the  consequent  nuisance  of  periodical  removals  of 
the  night-soil  is  suffered  to  continue ;  so  long  as  streets  are 
built  without  reference  to  size,  aspect,  or  inclination,  and 
liouses  erected  upon  ill  constructed  drains ;  and  so  long  as 
the  present  defective  sewerage,  exhaling  a  malarious  atmos- 
phere, engenders  fever  and  lowers  the  general  standard  of 
the  public  health ; — so  long,  I  apprehend,  we  shall  view  with 
favour  any  means  whereby  the  air  may  be  purified,  stench 
mitigated,  and  further  putrefaction  arrested. 

I  have  had  opportunities  of  repeated  trials  of  nearly  all 
these  agents,  more  especially  in  reference  to  their  anti-bromic 
or  smell-destroying  properties,  not  only  separately  but  collec- 
tively ;  for  by  comparison  alone  can  we  hope  to  arrive  at  a 
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sound  conclusion  as  to  that  which  is  best  entitled  to  our  con^ 
fidence  for  specific  purposes.  I  have  likewise  tested  the 
action  of  most  of  them  when  mixed  with  human  excrement 
as  manures  to  grass-plots ;  and  should  I  abstain  from  tedious 
details  of  experiment,  it  must  be  ascribed  to  an  unwillingness 
to  trespass  on  your  time  and  patience.  Of  Labarrhaque  and 
Beaufoy's  chloride  of  lime  I  hare  already  spoken  in  its 
capacity  of  remoying  stench ;  and  we  will  now  shortly  pursue 
the  subject  in  respect  to  this  quality  in  some  of  the  others, 
and  finally  view  their  respectire  powers  as  antiseptics. 

Taking  them  in  the  order  of  priority  of  application,  Sir 
Wm.  Burnett's  fluid,  I  believe,  claims  our  first  notice,  and 
will  be  found  to  be  supported  by  a  vast  mass  of  evidence  as 
collected  in  the  pamphlet  before  you,  printed  by  direction  of 
the  Board  of  Admiralty.  It  has  been  extensively  employed 
in  hospital  wards  and  in  ships,  apparently  with  the  best 
effects,  as  well  as  in  the  preservation  from  rot  of  timber  and 
tackle,  for  which  it  was  at  first  more  especially  proposed.  In 
the  letter  addressed  to  me  which  I  hold  in  my  hand,  the 
Hon.  Gentleman  gives  further  examples  of  the  efficacy  of 
the  chloride  of  zinc  in  curing  erysipelas,  and  arresting  the 
spread  of  that  disease,  as  it  epidemically  prevailed  in  Septem- 
ber last  at  the  Royal  Marine  Infirmary,  and  with  equally 
successful  results  in  cases  of  typhus  in  the  Naval  Hospital 
at  Chatham.  He  then  proceeds  to  extend  its  use  to  several 
affections  of  the  skin,  and  suggests  it  as  a  remedial  agent 
internally  as  a  gargle  in  sore  throat,  in  pulmonary  haemor- 
rhage, chronic  dysentery,  and  ulceration  of  the  intestines. 

To  some  of  these  objects  the  zinc,  as  an  astringent,  is 
doubtless  applicable,  and  as  such  the  sulphate  of  this  metal 
is  a  pharmaceutical  preparation  in  common  use.  As  already 
stated,  all  the  metallic  solutions  are  disinfectors  of  putrescent 
effluvium,  and  of  the  power  of  this  over  the  foul  air  and 
bilge  water  in  crowded  vessels  we  have  ample  proof  afforded 
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us.     They  decompose  the  sulphuretted  hydrogeu,  and  their 
liberated  acid  combines  to  form  a  fixed  salt  with  any  present 
ammonia.     Their  action  on  the  septic  gases  is,  I  apprehend, 
very  nearly  alike  in  them  all,  in  so  far  as  two  of  the  most 
offensively  odorous  of  these  gases  are  concerned;  and  we  have 
no  reason  to  suppose  they  exert  any  influence  on  the  others, 
beyond  the  power  these  fluids  possess  as  antiseptics  to  sus- 
pend further  disengagement  of  them.     The  action  between 
the  zinc  and  the  putrid  gases  referred  to  will  be,  that  a 
portion  of  the  neutral  chloride  will  be  decomposed,  yielding, 
with  the  sulphuretted  hydrogen,  an  insoluble  sulphuret  of 
zinc  and  hydrochloric  acid;  whilst  with  hydro-sulphate  of 
ammonia,  the  other  foetid  vapour,  we  have  again  a  sulphuret 
of  the  metal  and  hydrochlorate  of  ammonia.     It  may  be  said 
in  this  case,  in  contradistinction  to  the  other  rival  liquids, 
that  a  part  only  of  the  salt  used  would  be  decomposed ;  for 
so  soon  as  the  acid  is  in  excess,  or  free,  the  further  action 
upon  any  additional  sulphuretted  hydrogen  present  is  sus- 
pended; and  that  the  only  insoluble  product  \b  the  sulphuret, 
which,  indeed,  shortly  by  oxidation  becomes  itself  a  soluble 
sulphate.     In  reply  to  this  objection  it  may  be  urged,  that 
experiment  shows  the  reaction  to  be  such  as  to  fix  the  sulphur 
and  remove  the  smell,  although  the  agent  be  not  continuously, 
ad  libitum,  decomposed;  and  that  though  a  larger  quantity  of 
the  fluid  may  be  required  to  accomplish  a  given  work,  yet  that 
the  object  is  attained.     To  the  latter  clause  of  the  alleged 
objection  little  defence  can  be  offered ;  for  it  does  so  happen 
Hhat  all  the  salts  of  zinc,  except  the  carbonate,  are  soluble, 
and,  pro  tanto,  pernicious  to  vegetation.     Hence  for  the  dis- 
infection from  stench  of  night-soil  destined  to  agricultural 
purposes,  Burnett's  fluid  is  not  well  suited.     All  the  other 
metallic  salts,  however,  I  believe  to  be  open  to  this  difficulty 
in  a  variable  degree;  and  some  of  them,  which  are  ordinarily 
recognised  as  insoluble,  become  otherwise  when  exposed  to 
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the  yegetatire  process  by  intermixture  with  the  soil.  The 
oxide  and  sulphuret  of  iron,  and  the  carbonate  and  sulphate 
of  lead,  as  well  as  the  soluble  salts  of  zinc,  when  present  in 
the  proportion  of  about  one  per  cent,  of  a  dilute  liquid 
manure  of  human  excrement,  I  hare  found  unfriendly  to  the 
health  of  blades  of  grass,  which  become  brown  in  colour  and 
curled  towards  their  points ;  whilst  there  are  no  such  effects 
when  similarly  treated  with  the  alkaline  salts,  including  those ' 
of  magnesia  and  lime. 

Burnett's  fluid,  in  common  with  those  of  Ledoyen  and 
Ellerman,  has  double  the  density  of  water,  and  is  free  from 
smell,  which  is  a  great  advantage  in  the  use  of  them.  It  is 
sold  wholesale  at  5s.  a  gallon,  and  is  said  to  contain  200 
grains  of  the  salt  to  each  ounce  of  the  liquid. 

During  the  sad  prevalence  of  the  late  Irish  fever,  the 
preparation  of  Ledoyen  and  Calvert  was  much  commended 
by  high  authorities,  and  apparently  very  successfully  em- 
ployed as  a  deodorising  agent  in  the  wards  of  the  sick.  The 
soluble  salts  of  lead  are  assuredly  proved  to  decompose  and 
neutralize  the  pvominent  effluvia  of  decaying  animal  and 
vegetable  matters,  so  as  to  produce  inodorous  compounds  with 
them,  or  very  nearly  so.  The  resultmg  chemical  action  is 
almost  identical  with  that  of  zinc,  but  a  preference  has  been 
sought  for  this  fluid,  on  the  ground  that  the  lead  permanently 
assumes  an  insoluble  form,  and  that  the  nitrate  of  ammonia 
is  a  more  valuable  fertilizer  to  the  soil  than  the  muriate. 
This  view  is,  therefore,  founded  on  the  assumption  that  had 
the  salt  of  lead,  which  is  formed  when  mixed  with  animal 
manures,  been  in  an  otherwise  than  insoluble  state,  a  noxious 
effect  to  the  crops  might  be  expected  from  soils  chressed  with 
this  compost;  but,  as  already  observed,  all  the  salts  with 
metallic  bases  are  more  or  less  injurious  to  the  vegetative  pro- 
cess, a  union  being  formed  by  the  eliminating  power  of  the 
vital  functions  of  the  plant,  analogous  to  that  which  we  find 
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sabsisting  between  tbe  cbemical  compoBition  of  vegetable 
fibre,  and  the  surrounding  silica,  carbon,  lime,  and  other 
nearly  insoluble  earths.  Such,  at  least,  is  the  result  I  hare 
arrived  at  by  direct  experiment,  and  such  the  interpretation 
I  have  ventured  to  build  upon  the  fact. 

EUerman's  deodorizing  fluid,  the  base  of  which  consists 
of  a  persalt  of  iron,  is  understood  to  be  identical  with  that 
which  Messrs.  Dam,  of  Brussels,  and  Coutaret,  of  Paris, 
have  recently  patented  on  the  continent  To  render  the 
removal  of  the  privy  drainage  practicable  without  creating 
a  nuisance,  has  been  a  desideratum  with  local  authorities,  and 
has  led  to  the  trial,  on  several  occasions,  of  the  respective 
merits  of  these  liquids  in  accomplishing  this  object.  The 
results  of  this  competition,  as  might  be  supposed,  are 
variously  stated;  but  all  accounts  agree  that  they  are 
effective  in  abating  the  stench  when  mixed  with  decom- 
posing substances,  and  this  is  the  point  in  which  the  public 
is  most  interested.  In  some  of  these  instances,  as  though 
night  soil  and  putrid  blood  were  not  sufficiently  offensive,  the 
phosphuret  of  calcium  and  the  bisulphuret  of  carbon  have 
been  superadded  to  the  mixture,  so  as  effectually  to  test  their 
disinfecting  powers  on  decaying  animal  and  vegetable  refuse, 
and  with  the  like  conflicting  measure  of  success,  according  to 
Ae  testimony  of  the  observers.  In  ships,  workhouses,  and 
naval  hospitals,  Burnett's  fluid  is  most  in  favour;  in  the 
wards  of  civil  hospitals  that  of  Ledoyen  has  been  much 
employed;  the  Poor  Law  Guardians  of  Hackney,  and  the 
Pharmaceutical  Jovmal^  seem  to  give  the  palm  of  superiority 
to  Ellerman ;  and  finally,  whilst  the  Liverpool  Health  Com- 
mittee take  a  Mr.  Bromley^s  liquid  by  the  hand,  and  Mr. 
Young  strives  to  introduce  manganese,  the  public  generally, 
unconscious  of  their  relative  value,  resort  to  Beaufoy  as  a 
household  auxiliary  when  they  want  to  get  rid  of  a  stench. 

To  enter  into  further  details  as  to  the  uses  of  these  various 
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solutions  for  the  purposes  assigned  would  be  to  enlarge  my 
paper  to  undue  proportions,  and  I  must  therefore  content 
mjself  with  giving  you,  in  very  few  words,  the  results  of 
comparisons  made  by  me  of  their  respective  virtues  when 
similarly  tested. 

All  the  preparations,  when  suitably  applied,  greatly  di- 
minish fcetid  exhalations,  whether  arising  from  the  chambers 
of  the  sick,  from  privies,  drains,  and  water-closets,  or  from 
decomposing  animal  muscle  and  bone ;  though  none  so  per- 
fectly in  my  experiments  as  does  that  of  Labarrhaque,  or 
Beaufoy's  solution  of  lime.  The  habitual  use  of  the  lead 
leaves  a  grey  crust  on  the  pan  or  water-closet  basin ;  there 
is  less  of  this  with  the  zinc,  and  none  of  it  with  the  others. 
They  all  preserve  the  closet  and  house  sink-drains  sweet. 
With  urine  the  lead  precipitates  a  copious  white  deposit, 
and  still  leaves  a  strong  smell  of  urea;  there  is  less  of  this 
odour  with  zinc,  and  none  at  all  when  similarly  treated  with 
the  lime.  Except  an  instantaneous  effect  be  desired,  and  the 
room  unusually  large,  the  hanging  up  of  wet  sheets  in  the 
wards  of  the  sick  to  purify  the  tainted  air  is  unnecessary 
with  the  lime,  and  a  practice  which  might  be  objectionable  to 
nurses  and  other  attendants,  from  the  diffusion  of  so  much 
moisture  into  the  atmosphere.  The  frequent  mopping  of 
the  floors  with  the  solutions  is  open  to  the  same  difficulty, 
and  needless  with  that  of  Beaufoy.  In  fact,  I  prefer  the 
liquid  chloride  of  lime  to  any  of  the  other  proposed  fluids, 
for  the  following  principal  reasons : — 

1st  Because  in  infected  apartments  we  have  the  noxious 
effluvia  diffused  throughout  their  Ihnits  in  the  gaseous  form, 
a  state  similar  to  that  in  which  the  chlorine  is  evolved. 

2ndi  Because  the  atmosphere  thus  contaminated  presents 
a  more  favourable  medium  to  the  prompt  exercise  of  the 
marked  affinities  of  chlorine  for  one  of  the  elements  of  all 
the  most  common  and  the  most  offensive  of  the  compound 
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septic  gases,  all  of  which  it  decomposes,  inclusive  of  car- 
buretted  and  phosphuretted  hydrogen,  whilst  the  lime  itself 
rapidly  takes  up  the  carbonic  acid. 

3rd.  Because  chlorine  combines  volume  for  volume  with 
the  hydrogen  so  as  to  form  hydrochloric  acid,  with  a  density 
but  little  greater  than  that  of  common  air,  the  action  of 
which  upon  minute  malarious  putrid  particles,  if  present,  and 
upon  their  assumed  vehicle,  aqueous  vapour,  I  have  reason  to 
believe  is  destructive  of  their  power  in  the  dissemination  of 
the  principles  of  contagious  matter. 

4tb.  That  whilst  the  gradual  extrication  of  chlorine,  and 
its  resulting  compound  gas,  in  an  atmosphere  charged  with 
hydrogen,  is  very  respirable  in  most  cases,  and  those  few  in 
which  its  use  might  be  objected  to  certainly  not  communicable 
diseases,  the  wetting  of  sheets  with  the  liquid  may  be  dis- 
pensed with  as  superfluous. 

And  lastly,  because  I  find  it  relatively  with  the  other  fluids 
more  effectual,  and  at  a  less  pecuniary  cost  than  some  of 
them,  in  correcting  the  nuisance  of  bad  odours,  whether  in 
chambers,  in  water-closets,  or  in  urinary  vessels. 

We  have  here  samples  of  some  of  the  fluids  in  question ; 
and  of  their  relative  efficacy  in  divesting  night-soil  of  its 
stench,  I  shall  give  you  an  opportunity  to  judge  from  ex- 
periment, as  the  decision  of  the  society  will  carry  great 
weight  with  the  public  out  of  doors. 

A  claim  has  been  set  up  on  the  part  of  Mr.  EUerman's 
preparation  on  its  property  of  coagulating  the  semi-fluid 
night-soil,  and  converting  it  into  a  thick  paste,  so  as  to 
favour  its  collection  and  removal  as  a  manure.  But  if  inter- 
mixed with  coal-ashes,  this  faculty,  I  apprehend,  furnishes 
no  available  advantage ;  and  if  otherwise,  the  pumps  made 
use  of  by  the  Metropolitan  Commissioners  of  Sewers  will 
more  expeditiously  cleanse  cesspools,  though  assuredly  at 
present  to  the  entire  loss  of  their  fertilizing  contents. 

Assuming  two  per  cent,  of  the  concentrated  solution  to 
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be  severally  required  for  the  deodorizing  of  nights-soil 
intended  for  agricultural  purposes,  my  experiments  would 
warrant  me  in  giving  the  preference  to  the  lime,  and  next 
to  it  the  iron,  as  least  detrimental  to  vegetation,  and  as  the 
cheapest  of  the  fluids  when  manufactured  on  a  large  scale. 
Those  of  Ledoyen  and  Burnett,  however,  may  be  applied 
to  purposes  for  which  the  others  are  not  well  suited,  as  in 
the  dressing  of  ulcers  and  sloughing  sores,  or  in  inhabited 
apartments,  where  the  peculiar  smell  of  chlorine  is  much 
disliked;  and  a  further  familiarity  with  their  use  wiQ  enable 
us  wisely  to  discriminate  their  precise  and  more  appropriate 
application. 

Enough  has  been  said,  perhaps,  to  show  that  these  disin- 
fectants  do  really  neutralize  the  most  foetid  exhalations  of 
decomposing  animal  matters,  and  that  they  may  be  advan- 
tageously employed  as  allies  subsidiary  to  a  general  scheme 
of  sanitary  improvement.  Until  house  drainage  is  perfected, 
they  may  serve  to  dispel  the  offensive  mists  which  pollute 
the  air  of  narrow  streets  and  envelop  the  precincts  of  small 
tenements,  but  must  not  eventually  be  suffered  to  supersede 
the  prompt  removal  of  all  impurities,  or  do  the  duty  of  the 
sewer,  the  scavenger,  and  the  builder. 

Finally,  all  these  preparations  unquestionably  possess  anti- 
septic powers,  and  as  such  will  form  a  useful  addition  to 
those  already  better  known.  Unlike  alcohol  and  the  alkaline 
salts,  which  owe  this  property  mainly  to  their  having  such 
an  affinity  for  water  as  to  extract  it  from  moist  animal 
tissues,  their  action  depends  upon  a  capacity  of  entering 
into  combination  with  the  component  parts  of  the  animal 
and  vegetable  organism  to  be  preserved  from  decay,  and 
to  their  forming  permanent  compounds  with  it.  All  the 
metallic  salts,  I  believe,  have  this  faculty,  and  the  corrosive 
sublimate  and  the  nitrate  of  silver,  perhaps,  in  the  most 
eminent  degree.  For  the  conservation  of  meat  destined  to 
domestic  culinary  use,  however,  it  is  important  to   select 
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such  as  are  harmless  in  themselves ;  and  hence  the  liquid  of 
Ledoyen  I  do  not  think  adapted  for  this  particular  pur- 
pose. For  the  preservation  of  moist  anatomical  specimens 
it  answers  very  well,  hut  not  for  dried  ones. 


A  discusnon  ensued,  in  which  Messrs.  Hardy  and 
Morton  took  part. 

At  the  close  of  the  meeting  about  twenty  gentlemen. 
Members  of  the  Society,  retired  to  the  Council-room,  where 
ample  preparations  had  been  made  in  order  to  test  the 
deodorizing  powers  of  the  several  fluids  referred  to  in  the 
paper.  Their  relative  effiecicyj  however,  was  the  chief  object 
aimed  at,  as  being  at  once  the  most  important  to  the  public, 
and  that  upon  which  a  decision  thus  deliberately  expressed 
by  the  largest  and  most  influential  of  the  scientific  societies 
of  Yorkshire,  might  reasonably  be  expected  to  carry  great 
weight  with  commissioners  and  parochial  authorities,  in  the 
settlement  of  a  question  much  agitated  out  of  doors  by  rival 
claimants. 

The  materials  operated  upon  consisted  of  given  quantities 
of  night-soU,  fragments  of  horse  flesh,  and  blood,  in  an 
advanced  state  of  decomposition,  which,  together  with  a 
pail  of  lime  from  the  gas  works,  charged  with  carburetted 
hydrogen  and  the  bi-sulphuret  of  carbon,  emitted  odours 
which  it  is  needless  to  describe.  In  instituting  these  ex- 
periments, the  author  of  the  paper  regretted  the  absence, 
from  indisposition,  of  his  friend  Mr.  West,  F.R.S.,  of 
Leeds,  and  of  Mr.  Denton,  chemist,  who  had  engaged  to 
assist  him  in  the  necessary  manipulation;  whilst  a  third 
gentleman  from  Halifax,  who  had  kindly  tendered  his  ser- 
vices, was  placed  Kara  de  combat  from  the  stench.  The 
experiments  were  conducted  seruOimi  when  the  opinion  of 
the  society  was  sought  and  expressed  in  each  instance  as 
they  proceeded.  For  the  present  it  will  suffice  to  state 
that   each  and  all  the  fluids  in  their  turn  mitigated  the 
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offensiye  smells.  A  division  of  sentiment  prevailed  as  to 
the  comparative  merits  of  the  liquids  of  Burnett  and  Le- 
doyen.  Ellerman's  preparation,  likewise,  met  with  favour, 
though  some  of  the  gentlemen  present  considered  that  under 
the  disguised  smell  of  pyroligneous  acid,  they  could  still 
sensibly  perceive  the  foetor  of  sulphuretted  hydrogen.  The 
air  of  the  room  and  adjoining  passage  had  now  become 
excessively  foul,  these  disinfectants  appearing  to  exercise 
no  action  upon  the  general  atmosphere,  when  the  solution 
of  the  chloride  of  lime  was  made  trial  of  as  before,  but 
with  more  striking  and  obvious  results.  The  septic  gases 
were  promptly  decomposed,  and  all  stench  removed.  An 
unanimous  opinion  was  declared,  that  the  statements  of  the 
paper  on  this  branch  of  the  subject  were  fully  confirmed, 
and  that  Labarrhaque's  liquid  was  pre-eminently  superior 
as  a  deodorant  to  any  of  the  metallic  solutions  submitted 
to  experiment.  Additions  of  the  chloride  of  lime  were  then 
made  to  the  materials  already  acted  upon  by  the  other  fluids, 
the  effect  of  which  was  to  complete  that  which  had  been 
previously  only  partially  accomplished,  and'  by  scattering 
still  more  of  it  upon  the  floor,  the  air  of  the  apartment 
was  left  very  nearly,  if  not  perfectly,  sweet 


Mr.  Bamsdbn,  of  Wakefield,  read  the  second  Paper, — 

ON  THE  BEST  MEANS  OF  DRAINING  FIRE-DAMP  FROM 
COAL  MINES,  BT  AN  IMPROVED  PRINCIPLE  OF  VEN- 
TILATION. 

After  alluding  to  the  importance  of  the  subject,  and  the 
production  of  the  safety- lamp  by  Sir  Humphry  Davy, 
which,  however,  had  not  answered  all  the  purposes  which  its 
celebrated  designer  intended  it  should,  he  proceeded  as 
follows : — 

Having  been  an  eye-witness  to  many  of  the  calamities 
which  have  overtaken  not  a  few  of  my  ill-fated  countrymen 
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who  were  obliged  to  toil  in  the  bowels  of  the  earth  for  a 
scanty  subsistence  for  themselves  and  families,  I  turned  my 
attention  to  this  subject,  with  a  view  to  ascertain  every  cause 
of  the  frequent  explosions  in  coal  mines;  and  after  much 
consideration  and  a  series  of  experiments,  I  have  been 
enabled  to  produce  (what  I  think  I  shall  prove  to  this 
Society)  an  unexceptionable  remedy,  and  a  certain  and 
never-failing  preventive  of  the  so  much  and  justly-dreaded 
explosions  of  coal  mines,  from  fire-damp,  &c.,  by  admitting 
to  every  part  of  the  most  capacious  mines  a  full  current  of 
pure  air. 

In  a  copious  extract,  entitled  ^<  An  Exposition  of  the  in- 
secure Nature  and  Principles  of  the  Davy  and  other  Lamps, 
as  applied  to  Coal  Mining,  taken  from  the  Parliamentary 
Report  for  1835,"  the  subject  is  fully  discussed;  and  in  the 
evidence  given  by  Dr.  Murray,  Lecturer  on  Chemistry,  &c., 
as  well  as  other  scientific  individuals  present,  it  was  their 
unanimous  opinion  that  ventilation  was  the  prime  object.  Yet 
there  has  not  hitherto  been  any  system  of  proper  and  efficient 
ventilation  proposed,  applicable  to  the  numerous  mines  con- 
tinually at  work  in  this  country.   I  shall  endeavour,  therefore, 

1st.  To  call  your  attention  to  the  improvement  that  I 
advance  for  the  ventilation  of  the  great  Newcastle  and 
northern  collieries;  and 

2nd.  To  the  principle  which  I  consider  applicable  to  ex- 
isting mines  in  our  own  immediate  neighbourhood. 

Plate  XL,  Fig.  1. 
A  refers  to  the  upcast  shaft. 


B       „ 

the  downcast  ahaft. 

c      „ 

SS    „ 

rise  galleries, 
two  small  shafts. 

ww„ 
vv  „ 

ur-courses. 

two  five-inch  bore-holes. 

uu„ 

two  furnaces. 

XX  „ 

two  inclines. 
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It  must  be  obvious  from  the  above  section,  that,  to  carry 
out  the  improvement,  the  air-courses,  as  shown  on  section, 
should  be  at  an  elevation  from  the  workings,  represented  by 
the  letters  W  W,  with  the  furnaces  at  a  convenient  distance 
from  the  upcast  shaft;  also  two  inclines,  as  shown  on  the 
section,  X  X,  at  about  forty-five  degrees,  so  as  to  prevent 
the  current  coming  into  contact  with  the  furnaces  U  U ;  the 
air-courses  to  be  connected  by  two  small  shafts,  as  shown  by 
the  letters  S  S.  I  beg  it  to  be  understood  that  the  air- 
courses,  with  small  shafts,  may  be  carried  to  any  point  that 
is  most  desirable,  but  always  to  be  at  the  extent  of  the 
workings ;  and  with  reference  to  the  present  goafs,  or  where 
there  is  an  accumulation  of  gas,  it  may  be  carried  off  by 
five-inch  bores,  as  shown  by  the  letters  V  V ;  so  that  the  gas 
would  always  be  carried  off  by  the  returning  current  along 
the  air-courses,  W  W. 

The  advantage  to  be  derived  by  air-courses  above  the 
workings,  as  shown  on  section  (and  which  is  applicable  to  all 
mines),  is  obvious,  from  the  fact  that  any  quantity  of  pure 
atmospheric  air  may  be  admitted  into  the  worlcs,  and  in  direct 
currents  to  every  workman  in  the  mine,  being  returned  at 
the  head  of  the  worlcs,  as  shown  on  section,  along  the 
air-courses,  W  Y^,  to  the  upcast  shaft  or  compartment;  so 
that  there  would  be  a  constant  current  cour^ng  the  whole 
works,  thus  rendering  an  accumulation  of  gas  in  the  mine  an 
impossibility.  It  will  be  observed  that,  as  the  air  descends 
the  mine,  the  power  given  by  the  elevation  of  the  furnaces 
and  air-courses  immediately  circulates  the  whole,  and  it  is 
carried  off  in  advance  of  the  workmen  by  the  shaft  and  air- 
courses  already  referred  to,  without  ever  coming  into  contact 
with  the  workmen.  The  coal,  as  it  becomes  extracted,  in- 
creasing the  goafs  or  void,  would  always  be  drained  of  its 
gases  by  the  circulating  currents  through  the  mine ;  conse- 
quently the  fullest  ventilation  is  secured,  and  may  be  extended 
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to  almost  any  distance,  as  th6  Yolume  of  fresh  air  introduced 
will  be  adequate  to  dilute  and  carry  off  all  the  carburetted 
hydrogen  gas  that  might  exude  from  the  strata,  so  that 
it  would  be  impossible  for  the  mixture  ever  to  reach  an  ex- 
plosiye  point ;  for  being  carried  off  by  such  shafts  S  S,  and 
air-course  W,  it  would  not  take  more  than  ten  to  fifteen 
minutes  before  being  returned  at  the  surface  of  the  upcast 
shaft  or  compartment,  even  in  the  most  extensive  mines* 

At  present  the  air  is  traversing  the  works  in  currents  and 
counter-currents,  to  the  extent  of  from  thirty  to  seventy 
miles,  before  being  returned  at  the  surface  of  the  upcast 
shaft;  which,  at  the  ordinary  rate  the  air  travels,  will  take 
from  ten  to  fifteen  hours  in  performing  its  course,  but  leaving 
too  often  a  great  portion  that  it  never  reaches  at  all,  as  is 
ascertained  in  almost  every  instance  where  an  explosion  takes 
place.  Besides,  in  the  present  system,  there  is  no  security 
for  the  workmen  where  even  a  partial  explosion  takes  place, 
which  is  often  the  case  from  blowers,  or  the  sudden  fall  of  a 
portion  of  the  roof,  and  attended  with  the  most  disastrous 
consequences  in  the  destruction  of  life  and  property; — ^for 
instance,  the  Haswell  explosion,  the  Darley  Mdn  Colliery, 
where  six  lives  were  lost;  the  Oaks  or  Ardsley,  where  the 
late  dreadful  calamity  occurred;  the  Jarrem,  and  indeed  in 
almost  all  other  explosions  which  have  taken  place.  When 
it  is  considered  that  dependence  is  placed  on  trap-doors,  &c., 
for  the  current  reaching  the  extremity  of  the  mine,  the  con- 
sequence of  the  slightest  interruption  of  the  gateways  may 
easily  be  imagined,  and,  as  is  evident,  ventilation  is  deranged; 
and  the  air  that  should  have  been  pure  has  reached  the  point 
of  explosion,  by  having  in  its  course  come  in  contact  with 
the  accumulated  gas.  In  such  cases  the  unsuspecting  work- 
men in  different  parts  of  the  mine  are  not  aware  of  their 
danger,  but  soon  feel  the  effects,  which  are  often  fatal,  even 
from  a  partial  explosion. 

It  is  a  well-kiiown  fact,  that  from  the  effect  of  the  back 
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draught  rushing  down  the  shaft,  which  denotes  the  consump- 
tion of  the  vital  air  of  the  mine  and  the  production  of  the 
deleterious  choke-damp,  the  loss  of  life  often  exceeds  that 
caused  by  the  actual  explosion.  It  therefore  must  be  obvious 
that  air-courses  (constructed  as  shown  on  section)  would  be 
adequate  to  carry  off  all  gases.  With  the  current  along  the 
air-courses  it  is  beyond  the  reach  of  human  power  to  cause 
an  explosion,  and  these  air-courses  may  be  constructed  to 
meet  any  principle  of  workings,  and  to  any  degree ;  always 
having  a  proportional  elevation  from  the  works,  with  an 
incline  from  the  cupola  or  furnace,  as  shown  on  section. 
It  may  be  objected  to  as  a  matter  of  expenditure,  but  let 
it  be  fairly  examined.  It  is  well  known  that  there  are 
intermediate  beds  of  coal,  which,  by  getting,  to  form  the 
air-courses  and  places  for  the  furnaces  or  cupolas,  with 
the  incline,  would  more  than  pay  the  cost  of  driving ;  and 
allowing  that  it  would  only  pay  that  expense,  and  taking 
the  most  unfavourable  strata,  (for  instance,  the  Haswell  or 
Jarrem),  the  expenses  to  be  incurred  would  be  in  sinking  the 
shaft  at  the  extremity  of  the  drifts,  which,  taken  at  an  ordinary 
price,  say  £4  per  yard,  would  amount  to  £150  or  £200,  which 
would  carry  the  improvfsment  into  any  of  the  northern  mines. 
And  again,  consider  the  facilities  that  are  given  for  working; 
the  advantage  it  is  to  the  workmen  to  have  pure  air  instead 
of  gas  to  consume;  the  extent  of  the  mine  (for  the  most 
extensive  might  be  worked  as  well  as  the  smallest);  besides 
which  there  would  not  require  half  the  doors  or  superintend- 
ence; so  that  I  assume  the  improvement  cannot  be  fairly 
objected  to  on  account  of  expenditure. 

When  we  look  at  the  awful  loss  of  life  even  in  Jarrem, 
which,  in  twenty-eight  years,  amounted  to  140,  I  should  (as 
adverted  to  before)  blow  down  from  the  drift  sufficient  of  the 
roof  to  allow  of  boring  a  five-inch  hole,  or  two,  if  necessary, 
to  carry  the  gas  from  the  present  goafs. 

Having  brought  before  you,  in  as  limited  a  form  as  I 
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possibly  could,  so  important  a  subject,  I  now  leave  it  for 
your  consideration ;  and  will,  in  the  next  place,  trespass  a 
short  time  longer  upon  your  indulgence,  in  bringing  under 
notice  the  principle  I  wish  to  adyance  for  the  ventilation  of 
mines  in  our  more  immediate  neighbourhood,  and  in  so  doing 
I  shall  confine  myself  to  the  Oaks  or  Ardsley  Main  Colliery, 
near  Barnsley,  where  the  late  dreadful  explosion  took  place. 

There  will  be  observed  on  the  plan  of  the  mine  alluded  to 
(Plate  XL,  Fig.  2)  lines  in  the  board-gates,  which  are 
shown  in  crimson;  from  these  lines  it  must  be  understood 
that  the  principle  will  be  applicable  to  any  part  of  the  mine, 
and  may  be  carried  to  any  pomt. 

In  commencing  I  would  lay  a  drain,  as  shown  on  section 
in  crimson  lines  (A),  three  bricks  in  height  and  one  in 
breadth,  covered  with  flag  and  mortar  to  keep  air-tight; 
these  are  then  laid  and  wrought  in  a  funnel  shape,  to  the 
incline  flue  of  the  furnace,  as  shown  on  section  (B).  This 
plan  will  be  readily  understood.  At  a  distance  from  the 
shaft  (say,  when  the  air  is  likely  to  become  charged  to  any 
extent,  as  will  be  observed  on  the  section)  blow  down  a  cavity 
or  receptacle,  say  three  yards  in  height,  with  an  incline  to 
the  wind  (C);  so  that  as  the  carburetted  hydrogen  gas, 
being  so  much  lighter  than  the  atmospheric  air,  is  carried  by 
it  and  comes  in  contact  with  the  incline  and  elevation  of  the 
receptacle,  the  air  would  be  again  purp,  and  traverse  its 
course  onwards  until  brought  into  contact  with  another  re- 
ceptacle, which  would  again  remove  the  gas  from  the  air. 
Thus,  according  to  the  distance  the  air  has  to  travel,  and  the 
gas  in  the  mine,  the  cavities  or  receptacles  would  be  formed. 
If  the  section  is  observed,  a  drain  to  each  receptacle  will  be 
seen,  composed  of  large  drain  tiles,  which  must  be  made  and 
constructed  so  as  to  allow  one  end  to  overlap,  say  one  inch, 
and  to  be  secured  with  mortar  instead  of  brick ;  and  from 
the  dram  to  each  cavity  or  receptacle  I  should  have  eight  or 
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ten-inch  wood  pipes,  with  a  funnel  head  turned  downward 
(D  and  D  a,  enlarged  view),  to  receive  the  carhuretted  gas. 
Thus  would  all  the  foul  air  of  the  mine  be  drawn  by  the 
furnace  from  the  works,  and  from  thence  transmitted  with 
the  current  to  the  surface. 

I  should  like  to  say  a  word  or  two  upon  the  goafs,  but  as 
it  will  be  apparent  to  you  that  they  may  draw  off  the  greatest 
part  of  the  gas,  if  not  the  whole,  on  the  same  principle,  so 
as  to  render  the  works  safe,  I  shall  desist;  and  observe  that 
there  certainly  appears  to  me  a  great  want  of  principle  in 
the  working  of  many  mines  which  might  be  enumerated,  even 
in  this  part  of  the  country. 

I  therefore  venture  to  hope  that  the  necessity  of  sinking 
more  shafts,  in  such  districts  as  the  Newcastle  and  northern 
collieries,  would,  in  a  great  measure,  be  obviated  by  the 
introduction  of  air-courses  connected  with  the  works,  as  I 
have  already  explained;  which  air-courses  and  shafts,  if 
brought  into  operation,  will  have,  I  presume,  in  a  great 
measure,  if  not  completely,  equal  power  to  shafts  brought  to 
the  surface. 

Finally,  as  the  system  I  venture  to  suggest,  if  brought  into 
general  use,  must  eventually  preserve  the  lives  of  thousands 
of  our  countrymen,  it  cannot  be  unworthy  of  the  deepest  con- 
sideration of  the  Society;  and  the  fear,  therefore,  of  incurring 
a  little  introductory  expense  should  not  deter  our  enlightened 
coal-owners  from  adopting  the  system  now  proposed. 

Considering  the  great  expenditure  of  the  northern  mines 
generally,  the  carrying  of  shaft  after  shaft  from  the  surface 
would  quickly  involve  an  expense  more  than  the  value  of  the 
produce  of  the  mine,  and  have  the  effect  of  closing  the 
works  altogether. 

The  Rbv.  William  Thorp,  B.A.,  next  proceeded  to 
describe  the  chief  features  of  a  New  Safety  Lamp,  which 
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was  expected  effectually  to  remedy  all  the  defects  of  the  lamp 
of  Sir  Humphry  Davy,  affording  five  times  as  much  light, 
and  being  perfectly  safe  in  every  condition  of  coal  mines. 
One  of  the  principal  defects  to  be  obviated  in  the  old  Davy 
lamp  consisted  in  its  affording  too  little  light, — and  hence  the 
temptation  to  miners  to  endeavour  to  gain  an  increase  at 
any  risk  to  themselves.  While  some  frequently  prefer  to 
work  with  a  candle,  in  constant  danger,  rather  than  use 
it,  others  are  in  the  habit  of  removing  the  gauze  to  attain 
the  same  object ;  both  of  which  expedients  are  well  known 
to  be  fraught  with  the  most  disastrous  consequences.  In 
addition  to  which,  the  Davy  is  insecure,  as  well  as  all 
other  lamps  applied  to  coal  mining,  as  proved  by  the  Report 
of  the  Miners'  Association  of  Newcastle,  in  1835,  furnished 
to  the  Parliamentary  Committee. 


Charles  Morton,  Esq.,  moved,  and  Thomas  Wilson, 
Esq.,  seconded,  ^^  That  the  thanks  of  this  Meeting  be  given 
to  the  gentlemen  who  have  read  Papers  before  the  Society 
this  day." 

Henrt  Briggs,  Esq.,  moved,  and  Dr.  Wm.  Alexander 
seconded,  ^^  That  the  thanks  of  the  Meeting  be  given  to  the 
Vicar  of  Huddersfield,  for  his  able  services  in  the  Chair." 


M  m2 
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PROCEEDINGS 

OV  TBB  f 

GEOLOGICAL  &  POLYTECHNIC  SOCIETY 

AT  THE  THIBTT-8EYXNTH  MEETINO>  HELD  IN  THE  FHILOSOPHICAL 
HALL,  LEEDS,  ON   THUBSDAT,  SBFTBICBEB  2l8T,  1848. 


In  the  absence  of  Earl  Fitzwilliam,  President  of  the 
Society,  on  account  of  indisposition,  the  Rev.  Thbophilus 
Barnes,  Rector  of  Castleford,  one  of  the  Vice-Presidents, 
was  called  to  the  Chair. 

The  Chairman,  after  expressing  regret  at  the  absence  of 
the  Noble  President,  and  its  cause,  and  stating  that  a  letter 
had  been  received  from  him  excusing  his  attendance,  said 
that  the  first  subject  which  would  be  brought  forward  was  a 
paper  on  the  process  of  smelting  iron  with  anthracite  coal. 
It  was  a  very  great  object  in  their  Polytechnic,  as  well  as 
Geological  meetings,  to  look  after  the  produce  of  the  West 
Riding,  amongst  which  iron  was  particularly  important.  He 
had  been  lately  at  Whitby,  and  there  found  that  a  new  bed 
of  iron-stone  had  been  discovered  upon  the  Whitby  and 
Pickering  Railway ;  and  it  was  so  favourable  for  putting  on 
board  ships  and  on  the  railway,  that  Dr.  Scoresby  told  him 
his  brother  had  an  opening  in  a  field,  and  that  they  wheeled 
the  iron  ore  out  into  the  trucks.  This  iron-stone  was  re- 
markable for  the  large  quantity  of  shale  which  it  contained, 
and  this  formed  so  large  an  amount  of  carbonaceous  matter 
to  smelt  the  iron,  that  it  was  taken  from  Whitby  to  New- 
castle, and  required  very  little  more  flux  to  be  put  into  it. 
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Iron,  it  was  known,  required  a  great  heat  to  melt  it,  and  this 
heat  could  not  be  so  well  applied  to  the  iron  ore  as  when 
there  was  a  certain  quantity  of  carbonate  of  lime  within  it. 
This  carbonate  of  lime  was  supplied  in  very  great  quantity 
in  the  new  iron-stone  mine  which  had  been  discovered,  and 
one  great  advantage  of  the  discovery  was  the  employment 
which  it  had  created.  Castleford  people  were  engaged  to 
take  the  ore  to  Newcastle,  where  they  found  coal,  and  there 
employed  themselves  and  their  vessels  in  whatever  might 
turn  out 

The  following  gentlemen  were  then  elected  Members  of 
the  Society: — 

jAifEB  KiTSOM,  Esq.,  of  Leeds; 
G.  E.  DONISTHOBP,  Esq.,  of  Leeds; 
Mr.  WiLUAM  Ramsden,  of  Wakefield. 

A  Paper  was  then  read — 

ON  THE  PROCESS  OF  SMELTING  IRON  WITH  ANTHRACITE 
COAL  AND  THE  HOT  BLAST;  AND  ON  THE  ADVAN- 
TAGEOUS USB  MADB  OF  THB  GASEOUS  ESCAPE  FROM 
THE  BLAST  FURNACES  AT  YSTALTFERA  IRON  WORKS, 
NEAR   SWANSEA.      BT   W.    S.    WARD,    ESQ.,    OF    LEEDS. 

The  Paper  was  a  recapitulation  of  the  principal  points  in 
the  communication  of  Mr.  Budd,  manager  of  the  Ystalyfera 
Iron  Works,  made  at  the  last  meeting,  at  Swansea,  of  the 
British  Association,  with  several  additional  observations  by 
Mr.  Ward,  founded  upon  a  careful  personal  examination  of 
the  works  named.  The  original  paper  is  about  to  be  published 
at  length  in  the  Transactions  of  the  British  Association^  and 
copious  extracts  from  it  have  already  appeared  in  the  Athe^ 
rusum  and  other  newspapers.  Mr.  Ward  stated  that  he  was 
precluded  from  publishing  his  paper  in  extenso,  lest  it  should 
injure  the  more  elaborate  communication  of  Mr.  Budd  in  the 
Transactions ;  and  as  we  have  thus  indicated  to  those  who 
are  interested  in  the  matter  where  they  may  procure  the 
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fullest  information  upon  the  subject,  we  shall  content  our- 
selves with  very  briefly  indicating  the  plan  of  Mr.  Budd. 

The  ironmasters  of  Yorkshire  are  generally  favourable  to 
the  cold  blast  process ;  and  it  has  long  been  a  reproach  upon 
all  engaged  in  the  smelting  of  iron,  that  so  much  waste  of 
combustible  gas  should  be  permitted  at  the  top  of  their  blast 
furnaces.  Many  attempts  have  been  made  to  introduce  the 
principle  of  heating  the  blast  before  it  enters  the  furnace,  by 
collecting  the  gas  at  the  top  of  the  furnace,  and  other  con- 
trivances— all,  by  the  way,  forming  part  of  the  furnace  itself; 
but  from  some  radical  defect  in  each  of  them  they  were 
abandoned. 

Mr.  Budd,  whose  furnaces  are  fed  by  anthracite  coal, 
found  that  to  make  fifty  to  sixty  tons  of  iron  weekly  he 
consumed  thirty-five  tons  of  coal,  and  he  therefore  set  about 
making  a  change  in  the  process  of  smelting.  He  interfered 
in  no  way  with  the  operations  of  the  furnace ;  but  he  intro- 
duced three  or  four  horizontal  flues  leading  into  the  chamber 
or  stove,  which  made  the  requisite  draught,  and  procured  as 
much  gaseous  escape  as  was  necessary  for  the  process  of 
smelting.  By  a  contrivance  which  it  would  be  diflicult  to 
describe  without  the  aid  of  a  diagram,  the  combustible  gases, 
which  usually  escape  from  the  top  of  the  blast  furnace 
chimneys,  fouling  the  air  and  destroying  the  chimney  itself, 
are  collected  and  re-conveyed  to  the  boilers;  so  that  the 
escaped  gas  from  the  furnaces  is  applied  to  the  smelting  of 
the  iron.  The  advantages  of  this  are  numerous : — ^there  is 
a  great  deal  more  iron  smelted  without  additional  coal  or 
labour;  the  blast  is  better  and  more  regular;  the  pipes, 
instead  of  continually  wearing,  and  thus  causing  enormous 
expense,  are  rendered  tough  and  durable ;  a  furnace  which 
had  been  stopped  may  be  resumed  in  a  few  minutes;  the 
saving  in  coal  alone,  if  this  invention  were  adopted  through- 
out England  and  Wales,  would  be  not  less  than  £100,000 
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a  year;  and  if  its  use  became  general,  the  saving  in  fuel, 
materials,  and  labour,  would  amount  to  the  enormous  sum  of 
£1,000,000  annually. 

At  the  Ystalyfera  works  the  escaped  gas  is  made  serrice- 
able  in  the  couTersion  of  pig  into  malleable  iron ;  and  Mr. 
Badd  considers  it  extremely  probable  that  the  fuel  consumed 
in  the  blast  furnaces  will  eventually  be  made  available  for  all 
the  other  purposes  of  the  works. 


A  brief  discussion  of  a  practical  nature  followed,  in  which 
the  Chairman,  Mr.  West,  Mr.  Ward,  and  another  gentleman 
took  part 

The  next  Paper  read  was — 

ON    MALARIA    AND    DISINFECTANTS.      BT    JAMES    HATWOOD, 
ESQ.,    OF   SHEFFIELD. 

In  applying  the  science  of  Chemistry  to  the  explanation 
of  the  various  natural  phenomena  with  which  we  are  sur- 
rounded,— in  endeavouring  to  trace  the  manifestation  of  its 
changes  in  vegetable  and  animal  life,  and  to  discover  the 
intricate  decompositions  which  accompany  these  changes 
under  the  direction  of  vitality,  is  a  task  which  has  been  left 
for  modem  chemists  to  prosecute  and  accomplish ;  and 
although  the  great  cause  by  which  these  changes  are  effected 
is  at  present  entirely  hid  from  our  comprehension,  we  have 
been  able  to  acquire  such  an  amount  of  knowledge  of  the 
effects,  that  we  can  now  explain  many  of  those  vital  trans- 
formations with  a  degree  of  certainty  which  cannot  admit  of  a 
doubt.  The  chemical  changes  which  take  place  in  the  stomach 
during  digestion — many  of  those  which  occur  in  the  blood 
during  its  passage  through  the  system — ^the  constant  decom- 
position and  re-formation  of  organised  tissue  in  the  body — is 
no  longer  a  matter  of  speculation.     The  balance  has  even 
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been  applied  in  vital  processes ;  and  although  it  would  appear 
at  first  sight  almost  incredible,  we  can  now  state  positively  to 
a  few  grains  weight  how  much  tissue  is  decomposed  in  a 
given  time,  and  how  much  of  the  various  kinds  of  food  is 
required  to  restore  it  With  this  amount  of  knowledge  of 
the  causes  which  pertain  to  the  healthy  existence  of  animal 
life,  we  have  been  led  to  investigate,  and  ultimately  to  com- 
prehend, others  of  a  more  complex  nature  which  influence 
its  existence.  The  action  of  various  foreign  ingredients  in 
the  system,  like  the  application  of  re-agents  in  analysis,  were 
found  to  exercise  a  certain  influence  on  the  various  com- 
pounds in  the  system,  and  to  modify  the  changes  on  which  a 
healthy  action  mainly  depend.  It  is  true  that  the  action  of 
many  substances  still  remains  a  mystery;  but  from  having 
perfectly  made  out  the  modus  operandi  of  some,  we  may  hope 
soon  to  discover  that  of  the  rest  The  chemical  change  of 
organized  tissue  by  the  action  of  a  corrosive  poison,  the 
chemical  action  of  ammonia,  alcohol,  and  other  stimulants, 
and  the  influence  of  many  organic  salts,  are  all  traceable  to 
certain  well-known  affinities  which  these  matters  possess  for 
certain  substances  with  which  they  come  in  contact — affinities 
which  we  can  demonstrate  in  our  ordinary  chemical  opera- 
tions, as  well  as  prove  to  exist  in  the  body.  It  is  from  facts 
and  deductions  such  as  these  that  I  shall  endeavour  to  trace 
out  the  cause  of  the  apparently  mysterious  operations  of 
malaria  on  the  animal  frame. 

The  existence  of  epidemic  or  infectious  diseases  in  any 
locality — of  a  certain  kind  of  fever,  for  instance,  in  places 
surrounded  with  cesspools,  stagnant  drains,  or  putrid  marshes; 
of  agues  in  damp  undrained  districts ;  or  of  cholera  in  filthy 
ill-ventilated  dwellings — is  of  itself  a  sufficient  proof  that 
something  is  generated  there  capable  of  disturbing  the  ordi- 
nary healthy  performance  of  some  of  the  vital  functions ;  and 
in  endeavouring  to  discover  this  substance  and  to  describe  its 
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nature,  it  will  be  necessary  for  me  first  to  call  your  attention 
to  a  class  of  chemical  phenomena  which  appears  to  me  nearly 
related  to  those  changes  which  are  produced  by  malaria. 

It  is  well  known  that  the  elements  which  enter  into  the 
composition  of  many  mineral  substances  are  held  together 
by  so  feeble  an  affinity,  that  the  slightest  disturbing  cause  is 
capable  of  producing  their  separation.  The  force  which 
binds  together  the  elements  of  the  fulminates  of  silver  and 
mercury,  of  the  iodides  and  chlorides  of  nitrogen,  and  the 
peroxide  of  hydrogen,  is  so  feeble,  that  the  slightest  friction, 
in  some  instances  even  a  draft  of  air,  is  capable  of  tearing 
them  asunder.  Organic  compounds,  and  particularly  those 
formed  under  the  immediate  direction  of  vitality,  such  as  the 
constituents  of  the  blood  and  secretions,  being  of  a  much 
more  complex  nature  than  any  mineral  compound,  yield  to 
influences  even  more  slight  than  those  judt  named,  and  give 
rise  to  new  and  simpler  productions.  The  ordmary  process 
of  decay,  in  which  the  elements  of  all  organized  substances 
begin  to  form  simpler  compounds  by  uniting  with  the  oxygen 
of  the  air  when  their  vitality  ceases,  or  of  putrefaction,  in 
which  they  form  such  compounds  from  a  new  arrangement 
amongst  themselves,  is  a  proof  of  the  facility  with  which 
chemical  changes  are  accomplished.  No  leaf  or  stem  can 
lose  its  vitality  without  at  the  next  moment  producing  new 
compounds  by  decay ;  nor  can  any  animal  substance,  without 
previous  chemical  preparation,  be  prevented  from  undergoing 
the  process  of  putrefaction.  The  compounds  produced  by  the 
ordinary  process  of  decay,  namely,  carbonic  acid,  water,  am- 
monia, and  nitric  acid,  are  generally  so  simple  in  their  nature 
and  harmless  in  their  properties,  as  scarcely  to  be  considered 
injurious  to  animal  life.  The  carbonic  acid  produced  from 
the  fallen  leaves  of  a  woodland  district  would  so  soon  and 
80  perfectly  mix  with  the  atmosphere,  as  not  to  render  its 
presence  in  excess  at  all  appreciable.     Even  in  summer,  that 
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is,  during  the  time  decay  goes  on  with  the  greatest  rapidity, 
more  than  this  excess  of  carhonic  acid  would  be  taken  up  by 
the  leaves  of  plants  during  their  rapid  growth.  In  winter, 
when  little  carbonic  acid  is  produced,  in  consequence  of  the 
process  of  decay  being  slow,  all  would  be  carried  away  in 
solution  by  the  rains.  In  autumn  only  should  we  be  likely 
to  find  a  greater  amount  of  this  gas  in  extensive  woodland 
districts  than  in  the  open  country ;  but  as  this  is  not  even 
found  to  increase  the  amount  so  much  as  to  enable  us  with 
certainty  to  detect  it,  and  can  never  be  equal  to  that  pro- 
duced from  the  combustion  of  fuel  in  large  manufacturing 
towns,  we  cannot  assign  any  injurious  tendency  to  its  presence. 

We  must  not,  in  fact,  look  to  the  natural  process  of  decay 
for  any  thing  prejudicial  to  the  existence  of  life;  it  is  a 
process  ordained  by  an  all-wise  Providence  to  insure  and 
maintain  its  existence.  By  it,  dead  and  otherwise  useless 
matters  are  converted  into  compounds  useful  in  supporting 
the  life  of  plants,  and  forming  food  for  man ;  and  by  thus 
effecting  a  continued  transmutation  of  matter  from  a  state  of 
death  to  life,  it  insures  that  uniformity  in  the  earth's  surface 
and  in  our  atmosphere  which  appears  so  necessary  to  the 
existence  of  organized  beings.  It  is  a  process,  therefore, 
which,  if  allowed  to  go  on  with  that  regularity  with  which 
it  was  intended,  and  which  does  now  go  on  in  those  healthy 
districts  not  yet  over-crowded  or  polluted  by  the  negligence 
of  man,  would  still  maintain  the  atmosphere  in  that  uniform 
salutary  state  in  which  it  formerly  existed. 

We  must  search  among  the  products  arising  from  those 
heaps  of  putrefying  animal  and  vegetable  remains,  which, 
from  being  saturated  with  moisture,  prevent  all  access  of 
atmospheric  air,  and  will  not  allow  the  natural  process  of 
decay  to  go  on.  Here  we  shall  find  not  only  compounds 
produced  of  an  entirely  different  character  to  those  generated 
by  decay,  but  compounds  the  nature  of  which  varies  with 
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e?ery  change  of  atmospheric  temperature,  pressure,  and 
humidity. 

Although  putrefaction  is  commonly  regarded  as  a  simple 
process,  generating  substances  the  history  of  which  is  well 
known, — producing  sulphuretted  hydrogen,  phosphuretted 
hydrogen,  carbonic  oxide,  &c.,  yet  I  am  convinced,  from  ex- 
periments recently  made,  that  the  number  of  new  compounds 
formed  during  this  process  is  much  greater  than  is  usually 
imagined.  It  is,  indeed,  impossible  to  conceive  the  removal 
of  one  atom  of  carbon,  hydrogen,  oxygen,  or  nitrogen  from 
any  organic  product,  without,  at  the  same  time,  leaving  a 
compound  possessing  a  character  entirely  different  from  the 
original.  As  these  elements  are  gradually  removed  atom  by 
atom,  or  as  they  divide  and  subdivide,  probably  many  times, 
before  the  last  products  are  given  off,  I  maintain  that  some  of 
these  intermediate  compounds  may  be  of  a  nature  capable  of 
producing,  when  conveyed  into  the  system,  disease  or  death. 
What  is  it  that  gives  to  the  atmosphere  in  the  neighbourhood 
of  putrefying  organic  remains  the  various  odours  which 
characterise  their  presence?  In  many  instances  neither 
sulphuretted  hydrogen  nor  phosphuretted  hydrogen  can  be 
detected.  It  is  not  the  simple  odour  of  ammonia,  nor  of 
sulphuret  of  carbon;  these  compounds  in  many  cases  are 
absent.  It  is  evidently  some  form  of  matter  which  has  not 
yet  been  isolated,  and  the  exact  nature  of  which  is  certainly 
not  understood.  It  is  evident  from  this  peculiar  odour,  which 
it  generally,  though  not  always,  gives  to  the  atmosphere,  and 
more  particularly  from  the  deadly  character  which  it  inva- 
riably communicates  to  that  fluid  when  present  in  quantity, 
that  it  is  something  capable  of  assuming  the  gaseous  state,  or 
of  being  dissolved  in  air,  like  other  volatile  fluids.  Although 
it  is  impossible  to  detect  any  foreign  substance  in  such  air  by 
the  usual  process  of  eudiometric  analysis,  yet  when  the  air 
from  the  neighbourhood  of  stagnant  drains  is  cooled  below 
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its  dew  point,  the  moisture  which  then  separates  appears  to 
contain  a  volatile  putrid  substance  in  solution.  By  passing 
the  air  from  any  putrid  source  through  a  tube  cooled  by  ice- 
cold  water,  I  have  been  able  to  collect  a  considerable  quantity 
of  this  solution ;  but  as  yet  I  have  been  unable  to  separate 
the  active  principle  from  the  water  and  other  compounds 
with  which  it  appears  to  be  associated,  and  consequently 
have  not  been  able  accurately  to  ascertain  its  composition  or 
properties.  I  think,  however,  that  I  have  made  out  satisfac- 
torily that  it  is  a  compound  of  nitrogen,  but  certainly  not 
ammonia  or  nitric  acid ;  for  on  first  ascertaining  the  amount 
of  ammonia  contained  in  a  given  quantity,  and  the  absence 
of  nitric  acid  or  cyanogen,  I  found  the  quantity  of  ammonia 
very  much  increased  by  subjecting  it  to  an  organic  analysis. 
At  first  I  suspected  it  to  be  one  of  those  volatile  bases 
recently  discovered  in  Dipel  oil,  but  subsequent  observation 
led  me  to  conclude  that  such  was  not  the  case.  That  it  is 
a  substance  capable  of  undergoing  rapid  decomposition  is 
evident  from  its  watery  solution,  at  first  perfectly  transparent, 
but  in  a  few  hours  after  being  collected  becoming  perfectly 
milky.  In  one  instance  a  gas  was  evolved  during  its  change, 
but  I  was  not  certain  whether  it  might  not  have  been  con- 
densed by  the  cold.  I  therefore  consider  it  a  nitrogenous 
organic  compound  in  a  state  of  rapid  transformation — a 
substance,  therefore,  similar  to  yeast  in  many  of  its  pro- 
perties, and  which,  like  yeast,  is  capable  of  communicating 
a  similar  state  of  transformation  to  many  nitrogenous  bodies 
with  which  it  comes  in  contact.  That  this  communication  of 
motion  or  change  to  matter  in  a  state  of  rest  really  takes 
place  in  numerous  instances,  is  a  fact  so  well  understood  by 
chemists,  that  I  must  apologise  for  introducing  a  few  brief 
illustrations. 

One  of  the  most  remarkable  changes  of  this  kind  arises 
when  amygdalin,   one  of   the    constituents   of   the    bitter 
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almond,  and  the  kernels  of  stone  fruits  in  general,  comes 
in  contact  with  emulsin,  another  substance  which  they 
invariably  contain.  On  breaking  the  little  cell  walls,  which, 
in  the  natural  state  of  the  fruit,  kept  these  substances 
8epai:itted  from  each  other,  the  contact  of  the  two  instantly 
causes  the  elements  of  the  amygdalin  to  arrange  themselves 
in  new  forms,  so  as  to  produce  sugar,  formic  acid,  oil  of 
bitter  almond,  prussic  acid,  and  water;  and  thus,  from  a 
substance  perfectly  harmless,  are  generated  poisons  of  the 
most  deadly  kind.  Another  curious  change  is  communicated 
to  starch  by  the  action  of  a  peculiar  principle,  generated 
during  the  germination  of  seeds,  called  diastase.  When  so 
small  a  portion  as  one  part  of  this  substance  is  mixed  with 
a  solution  containing  one  thousand  parts  of  starch,  and  kept 
at  a  particular  temperature,  the  whole  is  converted  into  a 
solution  of  sugar  in  the  space  of  a  few  hours.  In  this  case 
there  is  no  exchange  of  elements  between  the  diastase  and 
starch,  no  more  than  between  the  constituents  of  the  almond; 
it  is  the  decomposing  nitrogenous  matters,  namely,  the  emuU 
sin  and  diastase,  which,  in  both  instances,  suffice  to  induce 
the  change.  In  the  same  manner  when  we  add  yeast,  a 
substance  in  a  state  of  rapid  decomposition,  to  a  solution  of 
sugar,  we  find  the  elements  of  the  sugar  dividing  themselves 
into  two  other  compounds,  namely,  carbonic  acid  and  alcohol, 
without  in  any  way  sharing  the  elements  of  the  yeast  Other 
matters  undergoing  a  similar  kind  of  transformation  to  yeast 
are  capable  of  inducing  a  similar  state  of  decomposition  to 
solutions  of  sugar ;  but  if  the  kind  of  transformation,  as  I 
shall  presently  explain,  be  different,  that  is,  if  the  compounds 
it  is  producing  be  not  the  same  as  those  produced  by  yeast, 
we  shall  have  a  different  kind  of  decomposition  induced  in 
the  matters  with  which  it  comes  in  contact.  The  communi- 
cation of  putridity  from  one  piece  of  dead  flesh  to  another, 
or  from  one  piece  of  wood  to  another,  are  all  instances  of 
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decomposition  from  contact ;  and  were  we  able  so  distinctly 
to  see  the  state  of  the  air  in  the  neighbourhood  of  stagnant 
drains,  &c.,  we  should,  on  the  same  principle,  be  able  to 
explain  the  reason  why  meats  and  other  articles  of  food  kept 
near  to  such  places  so  soon  become  tainted.  It  inevitably 
arises  from  small  portions  of  this  putrefying  compound  being 
condensed  by  the  mobt  surface  of  the  flesh,  and  which  causes 
it  to  undergo  a  change. 

With  these  considerations  before  us,  we  shall  now  be 
able  to  form  some  conception  of  what  really  takes  place 
when  such  substances  are  conveyed  into  the  living  animal 
system ;  for  that  a  something,  existing  in  the  air  of  certain 
localities,  entirely  foreign  to  its  natural  constituent,  must 
be  conveyed  into  the  lungs  during  respiration,  is  so  clearly 
demonstrated  by  a  number  of  facts  as  to  amount  to  an 
absolute  certainty;  and  that  the  introduction  of  matters 
into  the  blood  in  a  state  of  putrefaction  is  capable  of  in- 
ducing a  putrid  state  in  some  of  the  animal  fluids,  is  evident 
from  the  dangerous  and  often  fatal  effects  produced  by  dis- 
section wounds.  In  this  case  the  decomposition  commences 
at  the  point  where  the  poison  was  inserted,  and  extends, 
unless  checked  by  timely  aid,  through  the  whole  system.  In 
some  instances  even  the  introduction  of  putrefying  matters 
into  the  stomach  has  produced  death.  The  poisonous  sau- 
sages of  Germany  were  found  to  contain  no  matters  which, 
in  an  ordinary  way,  could  be  considered  injurious  to  health, 
but  were  undergoing  a  peculiar  kind  of  decomposition,  which, 
being  communicated  to  the  system  when  taken  as  food, 
produced  a  wasting  disease  and  ultimately  death.  The  kind 
of  decomposition  induced  in  the  latter  case,  or  the  kind  of 
disease,  is  quite  different  to  the  former;  they  both  arise 
from  putrefaction,  but  the  modus  operandi  of  the  change 
is  different.  Now,  if  the  introduction  of  such  poisonous 
matters  directiy  into  the  blood,  or  even  through  the  medium 
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of  the  gtomach,  be  sufficient  to  cause  death,  surely  the 
constant  application  of  noxious  exudations  from  a  similar 
source  to  the  large  surface  of  blood  in  the  lungs,  will  be 
capable  of  engendering  disease. 

That  the  moisture  condensed  from  the  air  of  stagnant  drains, 
&c.,  is  sufficient  to  produce  symptoms  of  putrid  fever  and  death 
when  introduced  into  the  blood  of  a  dog,  has  been  proved  by  Dr. 
Southwood  Smith,  and  stated  by  him  in  evidence  on  sanitary 
matters  before  a  committee  of  the  House  of  Commons ;  and  I 
myself  have  verified  his  experiments  on  other  small  animals. 
I  therefore  believe  that  it  is  to  this  putrefying  substance  alone 
that  we  must  look  for  the  causes  of  all  forms  of  infectious 
disease,  and  that  it  constitutes  the  various  forms  of  malaria, 
miasms,  &c.,  which  are  emitted  from  putrid  marshes,  stag- 
nant drains,  and  accumulations  of  filth  of  every  kind.  That 
it  is  not  sulphuretted  hydrogen,  or  any  of  the  ultimate  pro* 
ducts  of  putrefaction,  I  think  is  sufficiently  proved  by  the 
fact,  that  persons  who  conduct  processes  in  which  these  gases 
are  continually  disengaged,  and  who  live  in  atmospheres 
highly  charged,  apparently  sufier  no  more  than  persons  who 
visit  such  places  occasionally.  These  gases  are  no  more 
capable  of  producing  infectious  disease  in  the  human  subject, 
than  those  which  result  ultimately  from  the  decomposition  of 
yeast  are  capable  of  producmg  fermentation  in  a  solution  of 
sugar,  or  those  resulting  from  the  decomposition  of  diastase 
or  emulsin  would  produce  the  remarkable  transmutation  of 
the  elements  of  starch  or  amygdalin.  If,  then,  we  regard 
infection  as  arising  from  certain  decompositions  of  the 
animal  fluids,  induced  by  the  presence  of  putrid  particles 
dissolved  in  the  respired  air,  we  should  naturally  expect  to 
find  such  diseases  prevailing  to  the  greatest  extent  in  sheltered 
valleys  or  yards,  where  the  air  was  stagnant,  and  where  such 
matters  were  allowed  to  contaminate  the  air  continually ;  and 
diat  such  is  really  the  case  we  have  abundant  evidence  in  the 


Digitized  by  VjOOQ IC 


492 

various  sanitary  reports  which  have  been  recently  issued  from 
the  principal  towns  in  the  kingdom. 

Having  established  the  existence  in  atmospheric  air  of  a 
substance  in  a  state  of  rapid  decomposition,  capable  of 
inducing  disease  when  introduced  into  the  animal  frame, 
we  will  next  endeavour  to  trace  out  the  cause  why  disease, 
evidently  produced  from  malaria,  is  capable  of  assuming 
various  forms  in  diiferent  localities  and  at  different  seasons ; 
and  also  the  reason  why  stagnant  drains,  &c.,  should  be  a 
source  of  disease  at  one  period  and  not  at  another* 

We  have  already  stated  that  the  disease  produced  by 
decomposing  sausages  differs  materially  from  that  communi- 
cated from  dissection  wounds ;  and  it  would  require  a  person 
to  be  very  little  versed  in  chemistry  to  see  that  the  kind  of 
decomposition  going  on  in  the  sausages  was  entirely  different 
from  that  in  the  putrid  body.  In  the  first  the  change  is 
described  as  a  slight  softening,  in  which  the  mixture  becomes 
lighter  in  colour,  without  the  escape  of  any  gas;  whereas 
in  the  body  considerable  quantities  of  gas  escape,  and  the 
substance  becomes  much  darker.  This  difference  in  the  kind 
of  decomposition,  which  undoubtedly  causes  the  difference  in 
the  character  of  disease,  may  arise  from  two  causes ;  first, 
from  a  greater  number  of  chemical  compounds  acting  upon 
each  other  at  the  same  time,  or  from  a  larger  or  smaller 
portion  of  moisture.  We  may,  indeed,  consider  the  presence 
of  various  quantities  of  moisture  in  organic  compounds,  or 
the  degree  of  dilution  of  organic  solutions,  to  be  one  of  the 
principal  causes  which  modifies  the  putrid  decomposition  of 
all  organized  bodies ;  for  it  is  well  known  that  when  a  certain 
amount  of  moisture  is  extracted  from  flesh,  either  by  evapo- 
ration or  the  action  of  salt,  this  change  is  entirely  arrested. 
We  also  know  that  the  addition  of  a  third  substance  to 
fermenting  wort,  namely,  the  bitter  principle  of  the  hop,  ha9 
the  effect  of  preventing  the  formation  of  an  oily  compound, 
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which  would  be  generated  without  it.  The  presence  of 
many  vegetable  acids  in  the  fermenting  juice  of  the  grape 
gives  rise  to  volatile  compounds,  which  produce  the  flavour 
and  bouquet  of  wine,  no  such  compound  being  produced 
by  the  simple  fermentation  of  sugar  (the  addition  of  rennet 
to  milk  rapidly  converts  its  sugar  into  lactic  acid) ;  hence  we 
may  safely  infer  that  the  various  mixtures  which  are  con- 
stantly occurring  in  our  stagnant  house-drains  and  cesspools, 
as  well  as  the  extent  to  which  these  matters  are  diluted  with 
water,  will,  at  one  time,  so  far  modify  or  alter  their  mode  of 
transformation,  as  to  produce  compounds  which  are  highly 
injurious  to  health,  while  at  another  they  would  be  quite 
harmless.  It  is  not  in  all  states  of  putre&ction  that  matter 
introduced  from  dissection  cuts  is  capable  of  producing 
dangerous  symptoms;  it  is  only  when  the  putrefaction  assumes 
a  particular  form  that  such  is  the  case.  The  same  thing 
may  certainly  occur  with  putrid  drains,  &c.  We  shall  at  all 
times  find  putrid  matters  present  in  the  air  contiguous  to 
such  drains,  but  the  decomposition  will  not  always  be  of  such 
a  character  as  to  produce  disease. 

Perhaps  the  principal  agent  which  modifies  the  process  of 
putrefaction,  and  determines  the  manner  in  which  the  elements 
of  compounds  shall  arrange  themselves  to  form  new  products, 
is  temperature.  Nothing  is  more  common  in  chemical  opera- 
tions than  to  produce  one  compound  from  a  certain  mixture 
at  a  low  temperature,  and  another  at  a  high  one.  In  the  case 
of  yeast  acting  in  a  solution  of  sugar  producing  carbonic  acid 
and  alcohol,  it  is  only  below  the  temperature  of  80*  that  this 
decomposition  occurs.  At  a  temperature  between  SO""  and  100% 
tiie  transformation  of  the  yeast  and  sugar  b  so  far  changed, 
that  instead  of  carbonic  acid  and  alcohol,  we  have  lactic 
acid  and  gum.  In  the  same  manner  we  have  the  elements  of 
sugar  of  milk  at  one  temperature  dividing  themselves  into 
alcohol  and  carbonic  acid,  at  another  into  lactic  acid,  and  at 
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another  into  mannite  and  gum.  If  the  putrid  decomposition 
of  such  simple  mixtures  as  sugar  and  yeast  be  so  far  altered 
by  a  few  degrees  of  temperature  as  to  produce  compounds  so 
widely  different  from  each  other  as  alcohol  and  lactic  acid, 
how  much  more  likely  will  it  be  to  exercise  a  similar  influence 
on  the  heterogeneous  mixtures  which  constitute  our  undrained 
marshes  or  stagnant  receptacles  of  filth  ?  If  we  have  poison- 
ous matters  produced  from  the  decomposition  of  sugar  at  one 
temperature,  and  salutary  ones  at  another,  is  it  not  reasonable 
to  infer  that  such  would  be  the  case  during  the  continuous 
and  ever-varying  changes  which  such  matters  are  constantly 
undergoing?  I  do  not  think  it  improbable  that  the  mode 
of  decomposition  in  such  matters  may  be  altered  by  every 
change  of  temperature ;  hence  we  may  have  the  same  places 
at  one  time  producing  compounds  comparatively  harmless,  and 
at  another  engendering  the  worst  form  of  infectious  disease. 
That  various  kinds  of  epidemic  disease  are  produced  by 
contact  with  matters  of  a  similar  composition,  although  in  a 
different  state  of  change,  is  evident  from  the  small  pox  virus, 
the  matter  of  plague,  &c.  The  remarkable  manner  in  which 
such  contagious  matters  reproduce  themselves  in  the  diseased 
subject  would  lead  us  to  infer  that  if  epidemic  fever  arose 
from  the  action  of  putrid  malaria, — if  it  arose  from  a  state 
of  decomposition,  communicated  to  the  blood  by  contact^  the 
modus  operandi  of  its  action  would  be  precisely  similar  to 
that  of  contagious  disease.  We  should  have  poisonous 
matters  re-generated  in  the  system,  which  would  only  differ 
from  those  of  contagion  by  being  volatile,  and  which  would 
consequently  infect  the  atmosphere  by  exudation  from  the 
lungs  and  skin.  The  reproduction  of  the  exciting  agent  is 
well  illustrated  in  the  action  pf  yeast  in  a  glutinous  solution 
of  sugar,  such  as  wort ;  and  in  this  we  have  a  neutral  sub- 
stance in  solution,  which,  during  the  fermentation,  is  itself 
converted  into  yeast.  I  may  say  that  the  gluten  here  becomes 
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converted  into  an  infectious  agent,  capable  of  producing 
disease  in  a  fresh  portion  of  a  solution  of  sugar,  that  is,  of 
effecting  its  transformation.  In  the  same  manner  I  believe 
that  during  the  continuance  of  all  those  diseases  really 
arising  from  malaria,  a  fresh  amount  of  exciting  agents, 
similar  in  character  to  the  one  ori^nally  derived  from  the 
putrid  source,  is  generated  in  the  blood  and  other  vital  parts; 
and  that  it  may  spread  from  a  diseased  subject  and  produce 
a  continuance  of  the  malady  in  the  same  manner  as  it  may 
radiate  from  a  putrid  drain. 

I  am  aware  that  chemical  and  other  experiments  have  been 
made,  with  a  view  to  prove  the  non-existence  of  any  matters 
in  the  air  of  rooms  occupied  by  fever  patients  different  from 
those  naturally  contained  in  the  external  atmosphere ;  yet  the 
peculiar  odour  perceived  in  all  such  rooms  might  have  con- 
vinced the  experimentalist  that  something  foreign  was  present, 
and  that  their  conclusions  were  erroneous.  It  is  not  by  a 
simple  analysis  of  the  air  that  we  must  expect  to  find  these 
highly-rarefied  compounds;  it  is  only  by  searching  for  them 
in  the  moisture  condensed  from  the  atmosphere  in  contami- 
nated localities  that  we  can  hope  to  discover  their  presence, 
and  learn  their  properties;  and  I  do  not  despair,  if  this 
course  be  pursued,  of  seeing  all  these  matters  exhibited  in 
such  a  tangible  form  as  will  effectually  clear  up  the  mystery 
which  has  hitherto  hung  over  them.  I  am  aware  that 
Queckete,  and  other  eminent  physiologists,  would  attribute 
the  action  of  malaria,  and,  I  believe,  all  infectious  agencies, 
whether  communicated  through  the  air  or  by  mere  contact, 
to  the  presence  of  mycelium,  a  microscopic  germ  or  spore, 
capable  of  reproducing  itself  with  great  rapidity,  wherever 
it  finds  a  suitable  soil  for  its  development.  I  am  too  well 
aware  of  the  presence  of  such  spores,  and  their  rapid  growth 
and  re-production  during  the  vinous  fermentation,  and  of 
many  other  instances  in  the  vegetable  kingdom,  entirely  to 
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discredit  this  hypothesis.     There  can  be  no  doubt  that  as 
much  mystery  hung  over  the  cause  of  the  potato  disease  as 
over  the  phenomena  of  malaria;  yet  it  is  found  to  arise  from 
a  microscopic  plant,  whose  habits  appear  to  be  similar  to 
those  producing  mould  or  blight.     The  peculiar,  and  gene- 
rally fatal  disease  induced  in  the  human  subject  by  eating 
rye  bread,  or  using  rye  meal,  containing  portions  of  the 
ergot,  has  been  clearly  proved  to  arise  from  the  rapid 
growth  and  extension  of  the  mithelium,  which  produces  the 
disease  in  the  grain.     It  is  true  that  the  microscope  has 
been  directed  in  vain  to  discover  these  germs  of  fever  in 
diseased  subjects,  and  also  in  the  putrid  liquids  condensed 
from  infected  air ;  but  with  our  knowledge  of  the  limits  of 
the  power  of  the  microscope,  we  may  conceive  vital  germs 
too  minute  for  its  reach;  and  consequently  we  must  not 
altogether  on  this  account  discard  an  hypothesis  which  has 
certainly  many  important  facts  in  its  support.     Probably  the 
progress  of  the  malignant  cholera  and  some  other  epidemics 
could  be  much  better  explained  on  the  mithelium  hypothesis 
than  on  the  putrefaction  one ;  yet  whether  we  believe  it  to 
arise  from  organic  growth  or  decomposition,  we  must  always 
bear  in  mind  that  the  latter  is  invariably  attended  with  the 
development  of  the  former.     In  every  drop  of  stagnant  water 
— ^in  every  heap  of  decomposing  rubbish,  myriads  of  micro- 
scopic germs  of  life  are  developed  and  subsist ;  they  find  in 
it  the  food  necessary  for  their  growth,  and  the  conditions 
necessary  for  their  reproduction.     It  appears  to  me  more 
rational  to  assign  their  existence  to  the  peculiar  state  of  the 
decomposing  fluid,  and  not  the  state  of  the  fluid  to  their 
existence.     The  various  kinds  of  mould  are  only  produced 
where  they  find  the  necessary  conditions  for  their  develop- 
ment.   The  yeast  plant  is  not  the  cause  of  the  decomposition 
of  the  yeast,  but  lives  in  consequence  of  its  change.     More 
than  one  microscopist  has  assigned  the  office  of  nature's 
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scavengers  to  those  microscopic  animalcule ;  and  hence  they 
would  tend  to  diminish  the  amount  of  decomposing  matters 
in  the  atmosphere,  rather  than  increase  it.  We  cannot, 
however,  assign  the  same  office  to  the  yarious  kinds  of 
mouldy  smuty  or  blight ;  they  will  grow  in  the  substance,  and 
ultimately  perfectly  destroy  the  most  healthy  parts  of  plants, 
and  even,  in  the  case  of  the  ergot  of  rye,  will  prey  upon  the 
vital  structure  of  animals.  If,  therefore,  epidemic  disease  is 
produced  by  the  action  of  mithelium  at  all,  it  is  produced  by 
that  of  a  similar  character  to  mould  and  blight;  but  until 
we  can  see  the  germs  of  the  disease,  or  are  unable  to  find  any- 
thing more  likely  to  produce  it,  I  think  it  more  rational  to 
adopt  the  theory — ^proved  certainly  to  a  certain  extent,  and 
established  by  the  most  conclusive  facts — which  assigns  the 
phenomena  of  malaria  to  putrefactive  decomposition. 

Having  now  given  a  general  outline  of  what  appears  to  be 
the  cause  of  epidemic  disease  in  most  instances,  I  will,  in  the 
next  place,  endeavour  to  point  out  those  causes  which  appear 
to  me  most  favourable  for  its  generation  and  development. 
One  of  the  most  prominent  causes  calculated  to  produce 
disease,  or  render  a  large  tract  of  country  unhealthy,  would 
arise  from  want  of  natural  or  artificial  drainage.  All  vege- 
table and  animal  matters  contained  in  a  soil  saturated  with 
water,  particularly  those  which,  like  peat-bogs  and  marshes, 
contain  'a  large  amount  of  such  matters,  will  be  in  a  constant 
state  of  putrefaction.  The  compounds  produced  in  them, 
as  in  other  mixtures,  will  depend  on  the  temperature  of  the 
air,  amount  of  moisture,  &c.,  as  above  described.  It  would 
be  almost  impossible  that  from  such  sources,  on  some  occa* 
sions,  noxious  matters  would  not  be  given  off  injurious  to 
life.  The  position,  however,  of  the  undrained  land,  with 
respect  to  river  courses,  hills,  and  valleys,  would  very  much 
modify  its  sanitary  character.  A  marshy  district,  surrounded 
with  hills,  being  protected  from  strong  currents  of  air,  and 
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preyenfced  from  having  its  atmosphere  frequently  changed, 
would  become  more  highly  charged  with  the  soluble  constitu- 
ents of  the  soil  than  those  freely  exposed  to  currents,  which 
would  constantly  remove  it.  The  condensation  of  moisture, 
in  the  form  of  mist  or  fog,  appears  to  be  highly  favourable 
to  the  development,  and  to  increase  the  intensity,  of  malaria. 
It  would  be  likely  to  do  so  by  repeatedly  bringing  portions 
into  solution,  and  thereby  increasing  and  maintaining  their 
decomposition.  I  believe  that  the  putrid  matter,  once  con- 
densed and  allowed  to  go  on  putrefying  for  a  time,  would, 
when  again  dissolved  in  air,  be  more  likely  to  reproduce  itself 
in  animal  bodies  than  before.  Hence  it  is  that  the  currents 
of  air  which,  on  still  nights,  descend  down  the  hill  sides,  and 
become  cooled  so  much  as  to  deposit  a  portion  of  their  mois- 
ture, in  the  form  of  fog  in  the  valleys,  or  on  the  course  of  a 
river,  do  not  only  tend  immediately  to  produce  the  effecta  just 
described,  but,  by  bringing  effete  matters  from  a  distance  and 
concentrating  them  on  such  points,  materially  increase  the 
action  of  infectious  agents.  Valleys  and  river  courses  have 
not  only  been  the  prevailing  localities  of  cholera,  but  of 
many  of  the  most  formidable  maladies  which  affict  the 
human  frame;  while  elevated  situations,  from  being  con- 
stantly exposed  to  change  of  air,  and  not  liable  to  nightly 
fog  condensations,  would  be  less  likely  to  suffer.  Low 
sheltered  localities  in  towns^  such  as  those  so  often  described 
by  reporters  on  sanitary  matters  as  centres  from  which 
radiate  pestilence  and  poverty  in  its  worst  form,  and  of 
which  we  found  not  a  few  during  our  inspection  of  Sheffield, 
may  be  considered  to  represent  small  tracts  in  which  in- 
fectious matters  are  constantly  generated,  and  for  want  of 
a  free  circulation  of  air  are  allowed  to  accumulate,  to  the 
production  of  disease  and  death.  The  inhabitants  of  every 
closely  built-up  court  or  yard  in  low  localities,  where  stagnant 
drains  or  heaps  of  decomposing  animal  matter  are  allowed  to 
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remain,  are  not  only  liable  to  become  diseased,  but  are  quite 
certain  to  suffer  in  healtb,  more  or  less,  from  constant  ex- 
posure. The  habit  of  building  most  towns  on  the  banks  of 
some  river  or  stream — done  originally,  no  doubt,  for  the 
convenience  of  a  supply  of  water,  or  for  the  transport  of 
merchandise — ^has  been  the  main  cause  that  has  rendered 
our  principal  towns  so  unhealthy,  and  our  scale  of  average 
duration  of  life  so  low.  There  are  certainly  no  means  known 
at  present  calculated  to  obviate  the  evil  entirely.  Sheltered 
valleys  and  river  courses  will  always  be,  from  time  to  time, 
the  scenes  of  stagnant  atmospheres,  fogs,  and,  to  a  greater 
or  less  extent,  of  a  badly-drained  soil.  Towns  in  such 
localities  must,  at  all  times,  be  subject  to  the  evils  which 
attend  such  obvious  sources  of  infection.  A  great  deal, 
however,  will  depend  on  the  nature  of  the  soil  on  which  the 
town  is  built,  as  well  as  on  its  exposure  to  these  atmospheric 
influences.  There  are  some  soils  so  retentive  of  any  liquid 
drainage  which  may  soak  into  them,  and  so  impervious  to 
atmospheric  air,  that  after  a  few  years  the  whole  surface 
acquires  the  condition  of  a  putrid  bog,  while  others  are 
built  upon  a  naturally  or  artificially  porous  surface,  with  a 
retentive  clay  subsoil,  so  that  drainage  can  soak  down,  and 
convert  the  whole  into  a  putrid  mass,  similar  in  condition  to 
a  stagnant  pond  partly  filled  with  rubbish.  In  such  cases 
it  would  be  unnecessary  for  me  to  state  that  the  results  of 
putrefaction  would  be  poured  into  the  atmosphere  in  abun* 
dance.  In  some  cases,  however,  the  soil  is  sufiiciently  porous 
to  allow  all  excess  of  moisture  to  drwi  away,  and  thus  to 
leave  the  surface  porous  and  permeable  to  the  atmosphere. 
In  such  instances  the  process  of  putrefactive  decomposition 
would  be  entirely  prevented,  and  the  healthy  one  of  decay 
substituted  in  its  stead.  It  is  evident,  therefore,  that  we 
should  endeavour  to  imitate  this  natural  process  by  artificial 
drainage  as  far  as  possible,  for  we  should  thereby  prevent 
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the  formation  and  distribution  of  poisonous  particles,  as  well 
as  the  consequences  resulting  from  them.  I  consider,  indeed, 
that  the  greatest  improvement  which  could  be  effected  in  the 
sanitary  condition  of  this  country  would  be  the  one  resulting 
from  such  a  system  of  thorough  drainage  in  towns  as  would 
not  only  carry  off  aU  refuse  from  the  immediate  vicinity  of 
the  habitations  of  man,  but  which  would  render  the  sur&ce 
porous  to  a  considerable  depth :  for  I  regard  the  disinfecting 
powers  of  atmospheric  air  as  being  very  superior  to  any 
artificial  agent  we  could  employ,  inasmuch  as  it  will  prevent 
the  formation  of  miasms,  although  it  cannot  destroy  them. 
In  many  instances  we  find  soils  containing  oxydizing  agents 
in  large  quantities,  which,  in  some  measure,  impede  the 
process  of  putrefaction  for  a  time,  and  perform  the  same 
office  as  atmospheric  air.  The  peroxide  of  iron,  in  the  red 
sands  of  Sherwood  Forest  and  the  red  clays  beyond,  loses  a 
portion  of  its  oxygen  by  contact  with  decomposing  matter, 
and  prevents  the  formation  of  hydrogen  compounds,  which 
would  be  produced  without  them.  I  consider  the  presence 
of  peroxide  of  iron  in  a  soil  as  a  great  natural  disinfectant, 
and  one  which,  so  long  as  it  lasts,  is  capable  of  contributing 
very  much  to  the  sanitary  condition  of  tiie  district.  But  still 
this  is  not  sufficient,  in  our  present  system  of  drainage  in 
crowded  localities,  entirely  to  prevent  the  production  of 
disease ;  but  it  must  tend  to  render  districts  where  it  abounds 
more  healthy  than  those  where  it  is  absent 

I  will  now  name  another  agent,  naturally  existing  in  the 
atmosphere,  to  which  I  would  not  have  attached  much  im- 
portance had  it  not  been  generated  at  a  time  when  it  appears 
to  be  most  needed, — I  allude  to  the  peculiar  compound  r^ 
cently  discovered  by  Schonbein,  and  which  he  named  ozone. 
It  is  a  powerful  oxydizing  agent,  produced  by  the  electric 
spark, — a  flash  of  lightning,  for  instance,  in  its  passage 
through  air, — and  consequentiy  will  be  found  in  the  atmo- 
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sphere  in  large  quantities  during  thunder  storms.  Now,  as 
these  storms  generally  occur  in  hot  weather,  when  the  air 
is  more  or  less  stagnant,  and  putrefaction  goes  on  with 
the  greatest  rapidity,  it  would  appear  that  they  effected 
other  important  objects  besides  refreshing  the  soiL  It  cer- 
tainly would  tend  to  diminish  the  amount  of  putrid  matters 
in  the  atmosphere.  Schonbein  has  shown  that  atmospheric 
air  very  often  contains  this  powerful  agent ;  and  he  attributes 
all  the  phenomena  of  bleaching,  and  other  forms  of  oxydiza 
tion,  to  its  presence.  If  such  really  be  the  case,  we  should 
at  once  perceive  that  the  air  contained  within  itself  the 
elements  of  its  own  purification ;  and  certainly,  judging  from 
the  beautiful  manner  in  which  all  the  phenomena  of  nature 
are  adjusted  for  our  good,  nothing  appearing  in  the  least 
defective,  we  shonld  be  led  to  conclude  that  such  is  the 
case,  whether  arising  from  the  action  of  OEone  or  not.  In 
consequence,  however,  of  men  congregating  together  and 
forming  crowded  districts,  there  must  always  be  places  in 
which  organic  refuse,  of  greater  or  less  extent,  will  accu- 
mulate, and  pour  forth  its  noxious  exhalations  in  such  quan- 
tity as  cannot  be  immediately  destroyed  by  the  action  of  the 
atmosphere.  We  have  already  stated  that  the  decomposing 
contents  of  cesspools,  stagnant  drains,  and  other  refuse,  have 
been  at  all  times  a  source  from  which  emanate  disease  and 
death ;  and  although  this  may  be  remedied  to  a  considerable 
extent  by  better  constructed  drains,  an  abundant  supply  of 
water,  and  other  regulations,  the  evil  will,  to  a  considerable 
extent,  remain  in  our  villages  and  hamlets,  if  not  in  our 
corporate  towns.  It  is  for  the  purpose  of  defending  the 
inhabitants  of  such  places  against  the  evils  to  which  they  are 
exposed,  that  we  propose  the  use  of  some  of  those  artificial 
disinfectants  so  well  known  to  practical  men. 

It  will  be  evident  from  what  I  have  already  stated,  that 
the  presence  of  some  powerful  oxydizing  agent  would  be  the 
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most  effectual  means  of  destroying  poisonous  matters  ready 
formed;  while  the  addition  of  those  commonly  known  by 
the  name  of  antiseptics,  would,  by  arresting  putrefaction,  be 
the  most  useful  to  prevent  their  formation.  The  action  of 
the  former  depends  on  the  facility  with  which  they  extract 
hydrogen  from  any  organic  compound,  and  thereby  so  far 
alter  its  composition  as  to  destroy  its  former  properties. 
Now,  as  we  cannot  very  well  conceive  the  existence  of  an 
organic  product  of  putrefaction,  similar  to  those  which 
constitute  the  miasms  of  marshes,  &c.,  to  be  free  from 
hydrogen,  it  is  clear  that  such  agents  are  effective.  Chlorine 
we  may  consider  to  be  one  of  the  most  powerful  oxydizing  or 
dehydrating  substances  we  possess,  and  as  such  it  destroys 
organic  colouring  matter,  or  odours  arising  from  sulphuretted 
hydrogen,  phosphuretted  hydrogen,  and  other  products  of 
putrefaction.  It  is  best  used  in  the  state  of  chloride  of 
lime,  a  small  portion  of  which,  dissolved  in  water,  will,  by 
absorbing  carbonic  acid  from  the  air,  liberate  chlorine  slowly 
and  gradually,  though  in  sufficient  quantity  to  purify  the 
atmosphere  of  apartments  receiving  the  exhalations  from 
such  sources  as  those  above  named.  The  same  substances, 
mixed  with  the  contents  of  cesspools,  &c.,  would,  as  long  as 
any  chlorine  remained,  prevent  the  liberation  of  any  injurious 
compounds ;  but  in  consequence  of  this  material  being  rather 
expensive,  other  oxydizing  agents  have  been  proposed,  and 
employed  with  advantage  in  its  stead.  A  person  named 
EUerman  has  recently  patented  a  persalt  of  iron  as  a  dis- 
infecting agent,  which  certainly  decomposes  noxious  gases, 
and  will  probably  destroy  the  really  injurious  substances 
which  accompany  them,  if  applied  in  sufficient  quantity. 
As  long  as  any  persalt  of  iron  existed  in  a  mass  of  organic 
matter,  decomposition  would  be  very  much  impeded,  if  not 
entirely  stopped;  while  any  injurious  matters  generated 
before  its  addition  would  be  entirely  destroyed.     Nitric  acid. 
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produced  in  a  state  of  vapour  by  pouriug  sulphuric  acid  on 
nitrate  of  soda  or  potash,  placed  on  a  heated  plate,  has  been 
successfully  employed  in  the  wards  of  hospitals,  &c.  As  a 
disinfectant  it  acts  precisely  in  the  same  manner  as  chlorine^ 
though  probably  with  less  energy.  Nitrate  of  lead  has  also 
been  recommended  as  a  disinfectant  for  fluids,  and,  in  con- 
sequence of  its  oxydizing  tendencies,  would  probably  be  a 
very  effective  agent  in  destroying  matters  ready  formed  in 
the  mixture,  although  I  very  much  question  whether  it  would 
arrest  the  progress  of  decomposition  entirely.  The  expense, 
however,  of  procuring  this  agent  will  always  be  a  prohibition 
to  its  general  use.  Any  of  these  may  be  employed  success- 
fully, with  very  little  precaution.* 

There  are  other  substances,  however,  whose  mode  of 
action,  though  not  so  well  understood,  is  nevertheless  of 
great  importance,  from  the  certainty  with  which  they  arrest 
the  process  of  decomposition  when  mixed  with  organic  fluids. 
Of  this  class  are  the  various  kinds  of  antiseptics,  such  as 
volatile  oils,  alcohol,  coal  and  wood  tar,  and  probably  all 
their  constituents,  acetic  acid,  wood  smoke,  common  salt, 
&c.  The  action  of  these  matters  is  best  seen  when  added 
to  fermenting  yeast  or  wort.  If  a  single  drop  of  creosote, 
or  a  small  quantity  of  an  essential  oil,  be  added  to  yeast,  it 
will  immediately  put  a  stop  to  the  change  it  is  undergoing, 
and  prevent  its  communicating  decomposition  to  a  solution 
of  sugar.  The  same  thing  takes  place  when  these  substances 
are  added  to  flesh,  or  any  nitrogenous  organic  compound. 
The  common  process  of  curing  meat  by  smoking  it  with 
burning  wood,  in  which  creosote,  &c.,  is  generated,  and  of 
preserving  animal  specimens  in  alcohol  or  volatile  oils,  are 
instances  of  their  preservative  properties ;  and  although  this 

*  Since  writing  the  above,  I  have  ascertained  that  good  chloride  of  lime 
contadns  four  times  the  amount  of  available  chlorine,  and  consequently  will 
possess  four  times  the  disinfecting  power,  of  Ellerman's  fluid. 
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is  the  first  occasion  in  modern  times  that  the  subject  has 
been  brought  forward, — in  consequence  of  the  great  similarity 
between  yeast  and  the  matter  producing  epidemic  disease,  I 
would  attach  great  importance  to  any  substance  as  a  disin- 
fectant which  would  so  completely  destroy  the  action  of  the 
former.  The  old  plan  of  boiling  tar  and  burning  brown 
paper  in  places  charged  with  noxious  exhalations,  as  a  means 
of  disinfecting  them,  would  not  be  without  its  use;  for  in 
both  cases  creosote,  &c.,  would  be  diffused  through  the 
atmosphere  in  sufficient  quantity  to  produce  a  marked  effect; 
and  I  hare  no  doubt,  were  such  plans  adopted  and  kept  up 
on  an  extensive  scale  in  places  exposed  to  epidemic  disease, 
they  would  very  much  tend  to  prevent  the  extension  of  the 
malady.  It  will  at  once  be  evident  that  the  action  of  these 
substances  differs  widely  from  those  commonly  known  by  the 
name  of  disinfectants;  for  whUe  the  latter  are  principally 
calculated  to  destroy  poisonous  matters,  when  once  generated, 
by  changing  them  into  inert  compounds,  the  former  is  destined 
to  strike  at  once  at  the  cause  of  the  evil,  and,  by  a  specific 
action,  to  prevent  their  formation. 

Having  now  given  a  brief  outline  of  the  nature  of  malaria, 
its  mode  of  production  and  propagation,  as  well  as  the  con- 
ditions of  atmosphere  and  soil  most  favourable  to  its  develop- 
ment, and  the  various  natural  and  artificial  agents  calculated 
to  destroy  it,  we  may  deduce  the  following  conclusions : — 

1.  That  the  substance  commonly  called  malaria  is  a  nitro- 
genous organic  compound,  which,  when  dissolved  in  water 
or  animal  fluids,  has  similar  properties  to  yeast,  being  in  a 
continued  state  of  decomposition,  which  state  of  decomposition 
it  is  capable  of  communicating  to  the  fluids  of  the  animal 
body. 

2.  That  the  character  of  the  decomposition,  and  the  variety 
of  disease  it  will  communicate,  differs  materially  at  various 
periods. 
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3.  That  the  sources  from  which  the  various  kinds  of 
malaria  arise,  are  the  decomposing  animal  and  regetable 
matters  which  are  wholly  or  partly  excluded  from  the  free 
contact  of  atmospheric  air;  and  that  the  kind  of  decom- 
position taking  place  under  such  circumstances  depends  on 
temperature  and  other  causes. 

4.  That  organic  matters,  freely  exposed  to  the  air  and 
not  saturated  with  water,  will  not  produce  compounds  of  the 
nature  of  malaria. 

6.  That  the  conditions  necessary  to  prevent  the  formation 
of  malaria  are  (in  addition  to  a  free  access  of  atmospheric 
air)  the  same  as  those  we  should  use  to  prevent  putrefaction; 
and  the  means  used  to  destroy  it  would  be  by  the  action  of 
oxydizing  agents  and  antiseptics. 


A  discussion  followed,  in  which  the  Chairman,  Mr.  Hay- 
wood, Dr.  Alexander,  the  Rev.  W.  Thorp,  and  Mr.  W.  S. 
Ward  took  .part,  and  the  obligations  of  the  Society  were 
expressed  to  Mr.  Haywood  for  his  valuable  and  opportune 
paper.  

A  Paper  was  then  read — 

ON  A  MECHANICAL  COMMUNICATION  FOR  THE  WORKING 
OF  SIGNALS  AND  BREAKS  ON  RAILWAYS.  BT  WILLIAM 
STKES    WARD,    ESQ.,    OF   LEEDS. 

Much  attention  has  lately  been  paid  to  the  effecting  a 
communication  between  the  engine  drivers  of  railway  trains 
and  the  guards  in  charge  of  the  carriages;  and  also  to 
provide  means  of  communication  between  the  passengers 
and  the  guards  or  engine  drivers ;  but  no  method  has  yet 
been  suggested  so  unobjectionable  as  to  meet  with  general 
encouragement  or  support. 

The  directors  of  nulways  object  to  the  expense  of  making 
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any  considerable  changes  in  the  present  system  of  carriages, 
and  also  to  the  employment  of  any  contrivances,  the  working 
of  which  would  be  dependent  on  the  other  carriages  of  the 
train  being  provided  with  corresponding  apparatus ;  inasmuch 
as  the  transmission  of  carriages  from  one  line  of  railway  to 
another  is  so  frequent,  that  on  many  of  the  great  lines  of 
narrow  guage  rails  we  seldom  find  a  train  which  is  composed 
of  carriages  all  belonging  to  the  same  company,  or  of  uniform 
construction. 

Many  engineers  express  a  decided  objection  to  allowing 
passengers  any  means  of  communicating  with  the  driver, 
considering  that  more  accidents  and  inconveniences  might 
arise  from  the  abuse  of  such  power  than  would  be  prevented 
by  its  employment;  but  certainly  there  ought  to  be  no 
objection  to  permitting  passengers  to  communicate  with  the 
guard,  who,  after  ascertaining  the  cause  of  alarm,  might 
communicate  with  the  driver* 

Any  means  of  communicating  signals  would  be  objection- 
able if  subject  to  uncertwity  of  action,  and  particularly 
if  any  supposed  signal  might  be  accidentally  given  by  the 
motion  or  oscillation  of  the  train  itself. 

Signals  given  by  whistles,  or  other  means  of  producing 
sounds,  may  be  perfectly  audible  to  persons  on  any  carriage 
following  that  on  which  such  signal  is  given,  but  when  the 
train  is  travelling  very  rapidly,  the  loudest  sounds  from  the  last 
carriage  of  a  train  are  not  easily  heard  by  the  engine  driver. . 

The  giving  signals  on  railway  trains  by  means  of  electricity 
is  attended  with  many  difficulties  and  sources  of  uncertainty. 
The  currents  which  can  be  made  practically  available  are 
slight,  and  are  capable  only  of  affecting  delicate  apparatus. 
If  such  currents  are  applied  to  produce  the  retention  of  a 
keeper  to  an  electro-magnet,  so  that  the  signal  be  given  by 
breaking  the  continuity  of  the  circuit,  the  keeper  is  liable 
both  to  be  permanently  attracted  so  as  not  to  detach  itself 
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when  required,  or  it  may  detach  itself  by  vibration;  in  the 
first  case  not  giving  a  signal,  in  the  second  not  giving  a 
signal  when  required. 

The  exhibition  of  a  flag  or  a  light  would  afford  an  excellent 
means  of  communication  if  the  attention  of  the  party  to 
receive  the  signal  could  be  first  obtained  with  certainty. 

A  simple  mechanical  contrivance  for  effecting  a  communi- 
cation between  the  last  carriage  of  the  train  and  the  engine, 
so  as  to  ring  a  bell  or  communicate  with  a  steam-whistle, 
perhaps  affords  the  best  means  of  attracting  the  attention  of 
the  driver,  and  is  the  most  likely  to  be  generally  adopted  if 
certain  inconveniences  be  obviated. 

It  has  been  proposed  to  make  a  communication  by  means 
of  a  cord  extended  along  the  train.  Such  cord  would  be 
liable  to  require  too  much  attention  to  its  connexions  or 
couplings  when  carriages  are  removed  or  added  to  the  train ; 
and  if  this  objection  were  overcome,  the  lengthening  and  short- 
ening of  the  train  by  the  extension  of  the  tug-rods  and  the 
compression  of  the  buffers  (amounting  to  ten,  fifteen,  or  even 
twenty  feet  on  a  long  train)  might  break  the  cord,  give  false 
signals,  or,  if  the  cord  were  very  slack,  prevent  the  giving 
a  signal  until  a  considerable  length  of  cord  had  first  been 
wound  up. 

It  has  occurred  to  me  that  the  most  perfect  method  of 
making  communications  on  railway  trains  is  by  the  circular 
motion  of  rods,  extending  under  the  carriages  so  as  to  form 
a  system  of  shafting,  which  I  call  torsion-rods.  This  I 
propose  to  effect  by  means  of  rods  moving  in  slides  and 
having  springs  attached,  so  as  to  extend  the  rods  in  like 
manner  as  the  buffers  of  the  carriages;  each  set  of  rods 
having  a  portion  in  the  centre  capable  of  revolving  on 
bearings  attached  to  the  framework  of  the  carriage  or 
carriage-wheels,  and  connected  by  universal  joints  with  the 
sliding  portion  of  the  rods;  and  which  revolves  in,  and  is 


Digitized  by  VjOOQ IC 


508 

sapported  on  bushes  placed  on  springs,  so  as  to  give  a  little 
play  both  laterally  and  vertically.  At  each  end  of  such 
system  of  rods  is  placed  either  an  universal  joint,  capable  of 
being  attached  to  a  similar  joint,  or  a  portion  of  a  hollow 
cone,  with  a  spike  in  the  centre,  and  teeth  or  claws  on  its 
outer  edge;  so  that  two  carriages  on  which  the  rods  are 
applied  being  coupled  together,  such  cones  on  the  adjacent 
set  of  rods  are  pushed  together,  and  will  be  held  in  contact 
by  the  springs,  and  form  a  coupling  joint,  capable  of  com- 
municating circular  motion  from  one  set  of  rods  to  another ; 
so  that  such  rods  will,  when  the  carriages  to  which  they  are 
attached  are  coupled  together,  fdkn  a  continuous  line  of 
shafting.  Such  system  of  torsion^rods  will  be  extensible  or 
compressible  in  length,  and  also  yield  laterally,  according  to 
the  motion  of  the  carriages ;  but  will,  when  turned  on  their 
axes,  communicate  circular  motion. 

This  may  be  more  clearly  understood  by  reference  to 
Plate  X.,  F^.  1,  in  which  A  represents  the  central  portion 
of  a  shaft  revolving  in  bushes  B  and  B.  C  and  C  are 
universal  joints,  the  construction  of  which  is  well  known. 
D  D  and  D  D  are  rods  on  which  the  cross-pieces,  E  and  E, 
slide,  and  to  which  are  attached  the  rods  F  F,  sliding  into 
the  necks  G  and  G,  revolving  in  the  bushes  at  H  and  H. 
On  the  ends  of  the  rods,  F  F,  are  placed  hollow  cones  of 
metal  at  I  and  I,  with  teeth  on  the  edges.  Within  the  cones 
are  spikes,  E  E,  for  the  purpose  of  guiding  the  cones  and 
teeth  together,  and  which  pass  into  the  rod  F,  mad^  hollow 
for  the  purpose. 

In  Fiff.  2  is  shown  an  enlarged  view  of  two  of  the  cones 
pushed  together  and  shown  as  a  section,  so  that  the  manner 
in  which  the  spikes  are  intended  to  pass  into  the  rods  may 
be  more  fully  seen.  On  the  centre  rod,  A,  (2^.  1)  is  placed 
the  grooved  pulley,  L.  M  M  (JFS^.  2)  are  springs  formed 
of  elastic  bands  of  vulcanized  India-rubber,  which  tend  to 
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force  the  ends  of  the  rods  outwards.  The  bushes  are  sup- 
ported on  springs,  as  shown  in  Fig,  3,  The  pulley,  L, 
Fig.  1,  is  geared  with  another  pulley  in  the  interior  of  the 
carriage,  as  shown  in  Fig.  4,  or  on  the  tender.  N  represents 
a  disc,  punted  so  that  its  motion  may  be  readily  observed, 
and  having  a  handle  for  the  purpose  of  turning  it  round* 

In  Fig,  5  is  shown  an  arrangement  by  which  the  gearing 
of  the  discs  may  be  left  moderately  slack,  so  as  to  avoid 
friction  when  the  same  are  only  required  to  receive  signals ; 
and  the  bands  may  be  considerably  tightened  by  the  guard 
giving  additional  pressure  at  A  when  he  requires  to  com« 
municate  a  signal,  a  spiral  or  other  spring  maintaining  the 
ordinary  pressure. 

I  have  drawn  the  rods  D  £  and  F,  in  Fig.  1,  in  order  that 
the  principle  may  be  easily  understood.  I,  however,  believe 
that  in  practice  it  will  be  advantageous  to  substitute  a  tube, 
of  the  form  of  which  a  section  is  shown  in  Fig.  6,  in  the 
interior  of  which  the  cross-piece,  E,  will  slide. 

I  do  not  consider  it  necessary  now  to  specify  any  series  of 
signals,  as  it  is  obvious  that  by  such  torsion-rods  the  discs 
may  be  turned  to  the  right  or  to  the  left  continuously  or 
interruptedly,  so  as  to  communicate  a  number  of  preconcerted 
signals ;  and  catches  may  be  added  to  the  disc  so  as  to  set  in 
motion  an  alarum,  or  strike  a  belL 

In  Fig.  7  are  represented  some  of  the  carriages  of  a 
rulway  tridn  and  a  tender,  showing  the  intended  method  of 
attachment 

I  propose  to  apply  the  system  of  torsion-rods  for  commu- 
nicating signals  between  the  guards  and  engine-drivers  of 
railway  trains,  affixing  the  rods  under  the  carriages;  so  that 
the  rods,  forming  a  continuous  shafting,  may  give  eimultaneous 
motion  to  discs  or  wheels  placed  in  the  guards'  carriages, 
and  also  to  similar  discs  placed  upon  the  tender  or  engine, 
nnder  the  inspection  of  the  driver ;  pulleys  being  fixed  upon 
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the  central  portions  of  the  shafting  under  the  carriages,  to 
and  from  which  communications  are  intended  to  be  made; 
the  pulleys  being  geared  by  elastic  bands,  with  corresponding 
pulleys  in  the  carriages,  suitably  placed  for  being  turned  by 
the  guard  or  engine-driver,  and  also  observed  by  him  if 
motion  be  communicated  from  any  other  part  of  the  train ; 
thus  affording  the  means  of  communicating  a  limited  number 
of  useful  signals. 

Such  systems  of  torsion-rods  might  be  attached  to  various 
parts  of  railway  carriages,  but  for  uniformity,  and  in  a  great 
measure  to  avoid  injurious  lateral  motion,  I  prefer  that  such 
rods  be  placed  centrically,^  and  immediately  above  the  axles 
of  the  wheels.  The  bearings  or  bushes  of  the  rods  may  be 
attached  to  the  carriages  themselves,  but  as  many  railway 
carriages  are  constructed  with  framework  connected  with  the 
bearings  of  the  axles,  I  prefer  attaching  the  bearings  of  the 
torsion-rods  to  such  framework. 

Whatever  method  of  communicating  signals  on  railway 
trains  be  adopted,  little  will  be  effected  towards  the  pre- 
vention of  accidents  unless  some  efficient  mode  of  quickly 
stopping  the  trains  be  also  adopted. 

When  railway  trains  were  seldom  composed  of  more  than 
five  or  six  carriages,  and  the  maximum  speed  was  about 
twenty-five  miles  per  hour,  it  was  found  that  shutting  off  the 
steam  and  applying  breaks  to  the  tender  was  sufficient ;  but 
now,  as  railway  trains  consist  of  from  ten  to  fifteen  carriages, 
travelling  at  fifty  miles  per  hour,  the  breaks  on  the  tender 
and  on  the  one  carriage  occupied  by  the  guard  are  evidently 
insufficient 

Breaks,  as  applied  to  a  single  carriage,  cannot  probably 
be  made  to  act  much  more  efficiently  than  those  at  present 
used,  and  which  are  already  capable  of  arresting  the  revolu- 
tion of  the  wheels  of  the  carriage,  and  making  them  act  as  a 
sledge  on  the  rails.     In  fact,  considerable  care  is  required  on 
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the  part  of  the  breaksman  to  avoid  this ;  for  if  the  wheels  be 
made  to  slide  over  the  rails,  a  flat  surface  is  formed,  and  the 
wheel  is  always  liable  to  be  stopped  in  the  same  position,  so 
that  the  wheel  rapidly  becomes  unserviceable  by  being  so 
worn  as  to  give  a  very  uneasy  motion  to  the  carriage,  and 
eventually  is  liable  to  jump  off  the  raiL 

An  objection  also  arises  to  the  applying  very  powerful 
breaks  to  the  tender,  and  reversing  the  steam  or  applying 
breaks  to  the  engine,  that  when  the  first  part  of  the  train 
is  suddenly  checked  or  retarded,  the  other  carriages  press 
forwards  one  on  the  other,  having  a  tendency  to  throw  some 
of  the  carriages  off  the  rails,  the  train  being  as  though 
squeezed  together* 

It  therefore  appears  to  me  that  the  means  of  obtaining 
control  over  the  speed  of  the  train  will  be  by  increasing  the 
number  of  breaks  which  *can  be  brought  into  action  simul- 
taneously. Any  method  for  effecting  such  purpose  must, 
however,  be  simple,  and  must  not  require  the  emplojrment 
of  additional  guards. 

To  effect  this  I  propose  to  employ  torsion-rods,  similar  to 
those  I  have  already  described,  but  made  somewhat  stronger, 
to  communicate  circular  motion  from  one  carriage  to  the 
adjoining  carriages  in  the  same  train ;  so  that  the  guard  or 
breaksman  may,  in  addition  to  working  the  breaks  of  the 
carriage  on  which  he  is  riding,  work  breaks  on  the  adjoining 
carriages ;  thus  working  breaks  on  three  carriages,  in  lieu  of 
working  only  one,  as  at  present;  and  each  of  such  breaks 
might  be  worked  separately. 

It  has  been  proposed  to  connect  the  breaks  with  the  buffers 
of  railway  carriages,  so  that  when  the  buffer-springs  are 
compressed  the  breaks  will  be  brought  into  action  against  the 
wheels ;  and,  in  a  long  train  furnished  with  such  self-acting 
breaks,  as  each  preceding  carriage  is  pressed  by  the  succeed- 
ing carriages,  the  buffers  will  put  the  breaks  in  action,  and 
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the  train  be  quickly  stopped.  Such  an  arrangement  occurred 
to  me  several  years  ago,  but  I  saw  the  objection  thereto,  that 
the  moving  backwards  a  train  provided  with  such  breaks 
would  be  very  inconvenient,  unless  some  provision  be  made 
for  disconnecting  the  breaks  from  the  action  of  the  buffers. 
The  late  Mr.  Stephenson,  at  a  meeting  of  civil  engineers, 
at  Birmingham,  proposed  a  similar  arrangement,  but  which 
has  not  been  brought  into  use ;  I  believe  on  account  of  the 
objection  I  have  just  alluded  to,  no  provision  bmg  made  for 
throwing  the  breaks  out  of  gear  simultaneously;  it  being 
necessary,  according  to  his  plan,  that  the  breaks  on  each 
carriage  should  be  thrown  out  of  gear  separately. 

I  have,  however,  proposed  the  application  of  torsion-rods, 
80  as  simultaneously  to  withdraw  bolts  or  connecting  pieces, 
and  disconnect  the  breaks  from  the  action  of  the  buffers  when 
it  is  required  to  do  so. 

If  only  a  few  carriages  be  supplied  with  such  self-actiDg 
breaks  the  torsion-rods  could  very  easily  be  applied ;  but  if 
many  breaks  be  used,  and  it  is  also  required  to  use  the 
torsion-rods  for  the  purpose  of  giving  signals,  the  requisite 
arrangement  is  not  quite  so  simple.  But  I  have  devised  an 
arrangement  by  which  the  torsion-rods  may  be  used  both  for 
the  purpose  of  communicating  signals,  and  also  putting  the 
self-acting  breaks  in  or  out  of  action.  The  manner  in  wUch 
I  propose  to  arrange  such  torsion-rods  may  be  understood  by 
reference  to  Fiffs.  8,  9,  and  10,  in  which  like  letters  are  used. 

Fiff.  8  is  a  sketch  of  the  buffers  on  one  side  of  a  railway 
carriage,  for  the  purpose  of  showing  a  method  of  concen- 
trating the  action  of  the  four  buffers  of  a  railway  carriage 
on  one  piece,  A. 

In  Figs.  9  and  10,  A  represents  the  last-mentioned  piece 
acting  upon  the  lever  B  £,  which  moves  on  a  joint  at  C, 
upon  two  strong  upright  pieces  fixed  on  the  shaft  D,  and 
which  communicates  motion  to  the  breaks.     On  the  end  of 
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the  lever  is  formed  a  small  inclined  plane  at  E,  so  as  to  push 
away  the  bolt,  F,  when  the  same  is  not  prevented  moving,  as 
hereinafter  mentioned.  The  said  bolt,  F,  moves  in  a  suitable 
hole  or  slot  made  through  the  uprights,  and  has  connected 
with  it  the  spring,  H,  for  the  purpose  of  bringing  it  back. 
The  spring,  I,  Fig.  6,  tends  to  return  the  lever,  B  E ;  which 
latter  has  a  segmental  arm,  G,  to  prevent  the  bolt,  F,  passing 
behind  it  K  represents  a  pulley,  placed  upon  the  central 
part  of  the  torsion-rods.  L  is  a  piece  pressed  upon  the  said 
pulley  by  the  spring,  M,  and  which  serves  to  raise  the  catch, 
on  the  end  of  the  crank  or  bent  lever.  The  mode  of 
action  is  as  follows : — In  the  first  place,  if  R  be  not  turned 
previously  to  the  buffers  of  the  carriage  to  which  such  appa^ 
ratus  is  applied  being  pressed  in  the  piece,  A  presses  on  B, 
which,  remaining  firm,  causes  the  breaks  to  be  put  in  action. 
But  if,  by  the  torsion-rods,  the  pulley,  K,  be  turned  in  the 
direction  designated  by  the  arrow,  the  catch  is  raised; 
and  when  the  piece.  A,  presses  on  the  lever,  B  E,  the  bolt, 
F,  is  forced  out;  consequently  there  is  no  action  on  the 
breaks.  A  spring  should  be  also  applied  to  keep  the  breaks, 
when  not  in  action,  from  pressing  on  the  wheels,  but  which, 
to  avoid  confusion,  is  not  shown  in  the  drawings. 

I  would  suggest  that,  for  the  purpose  of  increasing  the 
safety  of  railway  travelling,  all  trains  should  be  furnished 
with  some  means  of  communication  between  the  guards  and 
engine-drivers ; 

That  the  three  carriages  nearest  the  engine  should  be 
supplied  with  self-acting  breaks;   and 

That  the  guard  placed  on  the  last  carriage  of  the  train 
have  the  means  of  working  the  breaks  on  the  last  three 
carriages,  so  that  there  would  be  six  breaks  to  a  train  of 
ordinary  length,  instead  of  only  one,  as  at  present 


Mr.  West  (Mr.  Barnes  having  been  called  away)  then 
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took  the  Chair,  and  briefly  announced  that  the  paper  by  the 
Rev.  William  Thorp,  of  Misson,  their  worthy  Secretary, 
"  On  the  Derbyshire  Coal  Field,"  would  not  then  be  read, 
as  it  was  now  time  to  adjourn  for  dinner.  He  was  satisfied 
that  Mr.  Thorp  would  not  feel  disappointed  at  this,  as,  under 
the  circumstances,  the  important  paper  he  had  proposed  could 
not  receive  that  attention  which  it  demanded.  With  regard 
to  the  Evening  Meeting  announced,  the  Council  had  deemed 
it  advisable  not  to  hold  it,  as  the  paper  of  Mr.  Thorp  would 
not  be  sufficient  to  occupy  their  attention  for  an  entire 
meeting.  After  stating  that  the  next  Meeting  was  intended 
to  be  held  at  Wakefield,  the  Chainnan  vacated  his  seat,  and 
the  proceedings  terminated  shortly  after  foiir  o'clock. 


END    OF    VOL.    II. 


EDWAAD  BAIN£8  AND  80N8,  PBINTEB8,   LEE08. 
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QBANTED   TO 

WILLIAM  SYKES   WARD, 

OF  LEEDS,  IN  THE  COUNTY  OP  YORK,  GENTLEMAN, 
POH 

IMPROVEMENTS    IN     EXHAUSTING    AIR    FROM    TUBES 

OR  VESSELS  FOR  THE  PURPOSE  OF  WORKING 

ATMOSPHERIC  RAILWAYS, 

AND    FOR    OTHER    PURPOSES. 

SEALED  JUNE  2ft,  1845. 


WITH  AN  FJNGRAVING. 


To  all  to  whom  these  presents  shall  come,  &C.9  &c, — 
One  part  of  my  improvements  relates  to  the  arranging 
and  working  of  the  valves  of  air-pumps  for  the  purpose  of 
exhausting  the  air  from  the  traction-tubes  of  atmospheric 
railways,  and  also  for  the  purpose  of  exhausting  air  from 
any  vessels  or  tubes  upon  a  large  scale.  I  will  here  remark 
that,  in  using  air-pumps  as  hitherto  practised  for  working 
atmospheric  railways,  power  is  lost  in  opening  the  inlet 
and  outlet  valves,  by  the  action  of  the  air  entering  into, 
and  expelled  from,  the  cylinder  of  the  pump,  and  the 
violence  with  which  such  valves  close  is  objectionable. 
Mechanical  contrivances,  or  systems  of  gearing,  have  been 
used  to  work  the  valves  of  air-pumps;  yet  the. methods 
hitherto  employed  or  suggested  for  working  the  outlet 
valves  of  such  air-pumps  are  either  very  complicated,  or 
would  fail  in  opening  such  outlet  valves  at  the  proper 
period  of  the  stroke  of  the  pump. 

My  method  of  constructing  air-pumps  is  such,  that  the 
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power  required  for  opening  and  shutting  the  valves  is 
supplied  by  gearing,  or  mechanical  movements,  from  the 
engine,  or  other  source  of  power  by  which  the  air-pump 
is  actuated,  so  that  the  inlet  valves  are  opened  and  shut 
alternately,  almost  immediately  after  the  commencement 
of  the  stroke  of  the  piston  of  the  pump,  and  the  outlet 
valves  are  respectively  closed,  or  pushed  home,  at  the  end 
or  conclusion  of  the  stroke  of  the  piston.  The  gearing 
afterwards  releases  the  valve,  which  is  retained  on  its  seat 
by  the  pressure  of  the  external  air,  until  the  air  within 
the  cylinder  of  the  pump  becomes  nearly  of  the  same 
density  as  the  external  air,  when  the  valve  (if  the  lower 
outlet)  falls  by  its  own  weight,  or  (if  the  upper  outlet)  is 
raised  by  a  counterpoise  of  greater  weight  than  the  valve, 
or  by  a  spring,  thus  moving  rather  in  advance,  or  as 
though  in  anticipation  of  the  current  of  expelled  air,  and 
affording  a  free  passage  for  it. 

And,  in  order  that  this  part  of  my  invention  may  be 
fully  understood,  I  refer  to  the  annexed  drawing  or  sheet, 
No.  1,  though  many  different  modifications  of  apparatus 
and  machinery  may  be  used  to  effect  the  like  purpose,  in 
which  drawing,  a,  a,  represents  the  cylinder  of  the  pump, 
B,  the  piston,  c,  the  piston-rod,  d,  d,  d,  pipes  communi- 
cating between  the  main,  or  vessel  to  be  exhausted,  and 
the  upper  inlet  valve-box,  e,  and  the  lower  inlet  valve-box, 
F.  6,  represents  the  upper  inlet  valve,  and  h,  the  lower 
inlet  valve,  which  valves,  g,  and  h,  are  attached  to  the 
rods,  I,  and  i,  at  v,  and  v,  by  joints,  allowing  a  slight 
motion,  so  that  the  valves  may  the  better  close  on  their 
respective  seats.  The  rods,  i,  and  i,  move  air  tight,  in 
stuffing-boxes,  k,  and  k,  and  are  moved,  or  worked,  in 
suitable  guides,  by  levers,  l,  l,  furnished  with  suitable 
joints,  and  connected  by  the  rod,  t,  t,  part  of  which  only 
is  shown,  with  a  suitable  eccentric  movement,  but  for 
which  I  prefer  one  of  the  eccentrics  hereinafter  more 
particularly  described  or  mentioned,  but  which  is  not 
shown  on  the  drawing  now  referred  to.  m,  represents 
the  upper  outlet  valve,  and  n,  the  lower  outlet  valve, 
respectively  attached  to  the  rods,  o,  and  o,  moving  in 
suitable  guides,  and  which  valves,  m,  and  n,  may  be 
respectively  closed  by  the  levers,  p,  and  p,  suitably  fixed 
and  acting  upon  the  studs  or  tappets,  q,  and  o,  so  as  to 
close  the  valves,  m,  and  n,  alternately,  but  not  to  open 
tbem.    The  upper  valve,  m,  is  counterpoised,  and  some- 
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what  overweighted,  by  the  lever,  r,  r,  and  the  weight,  s. 
The  lower  valve,  n,  opens  by  its  own  gravity,  when  not 
closed  by  the  lower  lever,  p,  or  supported  by  the  pressure 
of  the  atmosphere  against  a  partial  vacuum  in  the  lower 
part  of  the  cylinder,  a,  a.  The  levers,  p,  and  p,  are  con- 
nected with  an  eccentric  by  the  rod  w,  part  of  which  only 
is  shown. 

The  better  to  describe  the  operation  or  mode  of  action 
of  the  before- described  air-pump,  it  mast  be  supposed 
that  the  pump  has  already  exhausted  the  main,  or  vessel 
connected  therewith,  to  half  vacuum,  and  is  making  the 
down  stroke ;  the  air  from  the  main,  therefore,  enters  at 
the  upper  valve,  which  was  opened  by  the  lever,  l, 
immediately  after  the  commencement  of  the  down  stroke, 
and  the  lower  valve,  h,  was  closed  at  the  same  time. 
The  upper  outlet  valve,  m,  was  closed  simultaneously  with 
the  conclusion  of  the  ascending  stroke,  and  remains  closed 
during  the  down  stroke ;  and,  at  the  same  time,  the  end, 
P  a,  of  the  lower  lever,  P,  released  the  stud,  or  tappet^  q, 
leaving  the  lower  valve,  n,  at  liberty  to  open  by  its 
gravity ;  but  the  air  in  the  cylinder  of  the  pump  having 
had,  at  the  commencement  of  the  stroke,  only  half  the 
density  of  the  external  air,  the  valve,  n,  will  have  been 
supported  until  the  piston  descended  to  about  the  middle 
of  the  stroke.  The  gravity  of  the  valve,  n,  will  then 
overcome  the  cohesion  of  its  surface,  and  of  the  valve- 
seat,  and  open^  leaving  a  free  passage  for  the  air  to  be 
expelled  from  the  bottom  of  the  cylinder.  When  the 
piston  approaches  the  bottom  of  the  cylinder,  the  valve, 
N,  will  begin  to  be  raised  by  the  lower  lever,  p,  the 
motion  of  the  piston,  from  its  connexion  with  the  crank 
of  the  engine  actuating  or  driving  it,  will  have  become 
slower,  so  that  the  aperture  will,  nevertheless,  be  adequate 
for  the  expulsion  of  the  air;  but,  at  the  turn  of  the  stroke, 
the  last-mentioned  lever,  p,  will  close  the  valve,  n,  quietly, 
so  as  to  avoid  any  detrimental  concussion  consequent  on 
the  change  of  the  stroke.  The  upper  inlet  valve,  g,  will 
be  closed,  and  the  lower  inlet  valve,  h,  will  be  opened. 
The  upper  outlet  valve,  m,  will  be  left  free,  but,  as  before 
explained,  will  remain  closed,  until  the  density  of  the  air 
above  and  below  it  are  nearly  equal,  when  it  will  be  raised 
by  the  counterpoise,  or  weight,  s. 

I  have,  for  the  sake  of  greater  perspicuity  in  drawing 
and  description,  described  the  pump  as  only  having  one 
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inlet  and  one  outlet  valve  at  each  end;  but  I  prefer  that, 
instead  of  each  of  the  valves  before  described,  more 
should  be  used;  for  example,  three  inlet  and  three  outlet 
valves  in  the  top  of  the  cylinder,  and  three  inlet  and  three 
outlet  valves  in  the  bottom  of  the  cylinder. 

Another  part  of  my  improvements  consists  in  the  com- 
bination of  large  vessels,  or  reservoirs,  with  air-pumps,  so 
that  such  vessels,  having  been  previously  exhausted^  shall 
assist  the  pumps  in  the  exhaustion  of  the  traction- tube, 
and  that  the  steam-engine,  or  other  motive  power  used  to 
actuate  the  pumps,  may  be  of  much  less  power  than  would 
be  required,  if  unassisted  by  the  reservoirs,  or  that  the 
traction  tube  may  be  exhausted  with  much  greater 
rapidity  than  by  the  methods  which  have  hitherto  been 
used. 

With  respect  to  this  second  part  of  my  improvements, 
I  will  remark,  that  reservoirs,  previously  exhausted,  have 
been  used  in  working  experimental  models  of  atmospheric 
railways,  and  have  also  been  proposed  as  advantageous  for 
the  actual  working  of  atmospheric  railways;  but  such 
reservoirs  were,  or  are,  intended  to  be  put  into  immediate 
communication  with  the  traction  tubes,  by  doing  which 
considerable  power  is  lost,  as  much  more  power  is 
required  to  exhaust  the  residual  than  the  first  portions  of 
air  from  any  vessel,  and  such  reservoirs  would  require  to 
be  exhausted  to  a  much  higher  degree  of  rarefaction  than 
would  be  by  them  produced  in  the  traction-tube,  and  the 
air  from  the  mains,  which  might  otherwise  be  exhausted 
by  a  comparatively  small  power,  would  take  the  place  of 
the  portion  of  the  air. which  had  been  exhausted  from  the 
reservoir  by  a  very  great  expenditure  of  power.  .  I  com- 
bine pumps  with  reservoirs,  so  that  one  of  the  pumps 
which  may  have  been  used  in  exhausting  the  reservoirs 
may,  by  a  slight  change  of  its  communication  with  the 
reservoirs,  be  employed  as  an  air-engine,  in  order  that  the 
power  exerted  by  the  air  passing  from  the  traction-tubes 
to  the  reservoirs  may  be  made  effective  in  assisting  the 
steam-engine,  or  other  motive  power,  in  working  another 
pump;  and  also,  that  when  the  air  in  any  of  the  reservoirs 
becomes  of  greater  density  than  the  air  in  the  traction- 
tube,  the  air  may  be  pumped  from  the  traction-tube  into 
such  reservoir,  with  much  less  expenditure  of  power  than 
in  pumping  from  the  traction-tube  into  the  atmosphere. 

1    do  not  mean  to  confine  myself  to  any  precise  or 
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specific  combination  of  apparatus  to  effect  the  before 
expressed  purpose,  inasmuch  as  my  improvements  may  be 
differently  combined  and  applied,  according  to  the  rapidity 
or  rate  of  exhaustion  required,  and  are  applicable  to  any 
kind  of  vacuum  reservoirs,  whether  exhausted  by  air- 
pumps  by  the  withdrawing  of  water,  or  by  the  condensa- 
tion of  steam. 

The  manner  in  which  I  prefer  to  carry  such  purpose 
into  effect  is  as  follows : — 

I  construct  large  vessels,  or  reservoirs,  of  suitable 
materials.  Such  reservoirs  or  vessels  may  be  of  strong 
boiler-plate ;  but,  for  the  sake  of  economy  in  construction, 
I  prefer  building  the  reservoirs  of  brick,  or  masonry,  in  a 
hemispherical  shape,  arched  or  vaulted,  and  supported 
internally  with  suitable  arches  and  pillars.  I  then  cover 
the  external  surface  of  such  reservoir  with  thin  sheets  of 
iron  zinc,  or  lead,  well  rivetted  and  cemented  or  soldered 
together,  so  that  the  masonry  may  render  the  structure 
sufficiently  strong,  and  the  sheet  metal  may  render  it  air 
tight.  Although  the  size  and  number  of  such  reservoirs 
may  be  considerably  varied,  I  prefer  having  three  reser- 
voirs, each  of  the  like  internal  cubic  capacity  as  the 
traction  tube  and  connecting  main,  which  such  set  of 
reservoirs  is  intended  to  assist  in  exhausting;  and, 
although  two  such  reservoirs  will  generally  be  found  suf- 
ficient, yet  I  consider  it  more  advisable  to  have  three,  in 
case  of  emergency,  or  unexpected  leakage  of  the  traction- 
tube. 

I  exhaust  the  before-described  reservoirs  by  means  of 
such  air-pump  as  is  partly  delineated  in  drawing  sheet, 
No.  II.,  in  which  many  immaterial  parts  are  omitted  to  be 
drawn,  for  the  sake  of  facility  in  delineation  and  descrip- 
tion, and  which  pump  I  work  by  a  steam-engine,  con- 
nected with  it  in  manner  showu  in  sheets,  No.  IV.,  and 
No.  V. 

A,  A,  represents  the  cylinder  of  the  pump,  which,  as 
regards  the  now  describing  apparatus  must  be  of  such 
dimensions  as  to  be  capable  of  restoring  the  exhaustion  of 
the  reservoirs  in  the  interval  between  the  running  of  the 
trains  on  the  section  of  railroad  it  is  required  to  work. 
And  the  steam  engine,  by  which  such  pump  is  actuated, 
is  to  be  of  such  power  as  to  work  the  pump,  and  restore 
such  exhaustion  of  the  reservoirs  with  facility,  in  the 
before-stated  period,     b,  represents   the   piston,   c,   the 
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piston-rod,  d,  d,  pipes  leading  to  the  air-tight  boxes,  e, 
and  E,  covering  the  inlet  valves,  f,  and  p,  which  valves  are 
moved  by  rods  g,  g,  connected  by  pins,  h,  h,  with  the  said 
inlet  valves.  The  rods,  g,  g,  are  moveable  in  their  re- 
spective air-tight  stuffing-boxes,  i,  i,  and  are  moved  by 
the  combination  of  levers,  k,  k,  and  k,  k,  attached  to  the 
rods,  G,  G,  at  L^  and  l,  and  moving  on  centres,  or  joints, 
fixed  to  the  top  of  the  valve-boxes,  or  other  firm  support, 
at  M,  M.  Such  system  of  levers  and  valve-rods  are  actu- 
ated by  the  bars,  n,  n,  and  the  lever,  o,  connected  to  an 
eccentric,  as  hereinafter  described,  or  other  suitable  move- 
ment 

The  pipes,  p,  p,  lead  to  air-tight  boxes,  e*,  and  e', 
covering  the  outlet  valves,  f',  and  f*,  moving  in  suitable 
guides  (not  shown  in  the  drawing),  and  to  which  the  rods, 
g',  and  G%  are  adapted,  so  as  to  close  such  outlet  valves, 
but  not  to  open  them.  The  rods,  g',  and  g',  move  in  the 
air-tight  stuffing-boxes,  i',  and  i',  and  are  respectively 
moved  by  the  levers,  k*,  k*,  and  k',  k",  the  set  belonging 
to  the  upper  outlet  valve  being  actuated  by  the  rod,  r, 
and  the  lever,  s,  s,  and  the  set  belonging  to  the  lower 
outlet  valve  being  actuated  by  the  rod,  t,  and  the  lever, 
u,  u,  and  which  levers,  s,  s,  and  u,  u,  are  moved,  at  the 
proper  period  of  the  stroke  of  the  piston,  by  the  eccentric, 
as  hereinafter  described,  or  other  suitable  movements,  w, 
represents  a  counterpoise,  or  weight,  for  raising  the  upper 
outlet  valve. 

Although,  for  the  sake  of  facility  of  description,  I  have 
only  drawn  and  described  four  valves  in  the  pump,  yet  I 
prefer  that  twelve  valves  should  be  used,  namely,  three 
inlet  and  three  outlet  valves  in  the  top  of  the  cylinder,  and 
three  inlet  and  three  outlet  valves  in  the  bottom  of  the 
cylinder,  each  of  such  valves  having  apparatus  communi- 
cating such  movement  as  herein  described. 

The  upper  outlet  valves  are  to  be  counterpoised  by 
weights,  or  springs,  as  hereinbefore  described,  with  regard 
to  the  pump  hereinbefore  firstly  described;  but  as,  in  the 
pump  now  under  description,  the  outlet  valves  work  within 
air-tight  boxes,  the  counterpoises,  or  springs,  for  such 
upper  outlet  valves  are  to  be  placed  within  such  boxes,  or 
so  as  to  communicate  with  such  valves  through  air-tight 
stuffing-boxes. 

I  prefer  working  the  inlet  and  outlet  valves  by  the 
movement  by  extension,  which  is  produced  at  the  end  of 
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two  levers  when  moved  at  the  centre,  because  a  very 
powerful,  and,  at  the  same  time,  accurate,  movement,  is 
given  to  the  yalve,  which  valve  is  also  retained,  or  locked, 
upon  its  seat,  until  the  movement  is  reversed,  and  this 
without  any  material  strain  upon  the  connecting-rods  and 
eccentric  movement. 

I  also  prefer  that  the  gearing  of  the  valves  be  worked 
very  promptly,  and  that  after  the  valves  are  respectively 
opened  or  shut,  the  motion  should  remain  what  is  termed 
dead  until  the  motion  is  required  to  be  reversed,  and  I 
effect  this  by  a  plate  of  metal,  out  of  which  is  cut  a  space 
described  by  the  intersection  of  two  circles,  as  shown  in 
fig.  I,  sheet  No.  III.,  which  is  used  for  the  inlet  valves, 
which  may  all  be  moved  by  one  eccentric  being  opened 
and  shut  at  equal  intervals, — that  is,  shortly  after  the 
change  of  the  stroke  of  the  piston. 

Fig.  2,  shows  the  form  of  the  plate  for  moving  the 
gearing  of  the  upper  outlet  valves,  and 

Fig.  3,  that  for  the  lower  outlet  valves. 

In  figs.  4,  5,  and  6,  the  eccentrics  are  represented  in 
their  places  on  their  driving-shaft,  and  are  referred  to  by 
the  like  letters  and  figures ;  a,  representing  the  driving- 
shaft,  B  \  B*,  and  b',  pulleys,  or  friction -rollers,  working  on 
centres  attached  to  the  pieces  c,  c,  and  c,  which  are  bolted 
or  screwed  to  the  driving-shaft,  d*,  d',  and  d',  are  the 
three  plates  represented  separately  in  tigs.  1,  2,  and  3. 
£,  E,  and  £,are  pulleys,  or  friction- rollers,  acting  as  guides 
to  their  respective  plates.  The  distance  from  the  acting 
circumference  of  the  rollers,  b,  to  the  centre  of  the  driv- 
ing-shaft must  be  made  equivalent  to  the  semi-diameter 
of  the  circles  by  which  the  spaces  in  the  plates,  d,  are  set 
out.  Therefore,  when  the  driving-shafl  carries  round  the 
rollers,  b,  as  long  as  each  travels  in  the  segment  of  the 
circle  corresponding  to  it,  the  plate  remains  at  rest,  but 
when  the  roller  arrives  at  the  other  segment,  the  plate  is 
moved  until  such  segment  corresponds  with  the  arc  de- 
scribed by  the  pulley,  which  then  moves  on,  leaving  the 
plate  at  rest  until  the  pulley  arrives  at  the  other  segment, 
the  quantity  of  motion  given  by  the  eccentric  being  that 
between  the  centres  of  the  two  arcs  of  the  respective  open- 
ings in  the  plates,  d*,  d^  and  d^  With  the  plate  fig.  I, 
the  motions  are  at  equal  intervals,  but  with  the  plates 
figs.  2  and  3,  in  which  the  arcs  of  circles  are  of  unequal 
lengths,  the  alternate  motions  are  in  unequal  times. 
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Tbe  operation  of  the  pump,  delineated  in  sheet  No.  11., 
is  twofold :  first,  when  the  inlet-pipes,  d,  d,  are  in  com- 
munication with  a  vessel,  or  reservoir,  to  be  exhausted, 
and  the  pipes,  p,  p,  in  communication  with  the  atmos- 
phere, the  operation  is  similar  to  that  of  the  pump,  de- 
lineated in  sheet  No.  I.,  and  hereinbefore  particularly  de- 
scribed, and  to  the  description  of  which  I  therefore  refer ; 
and  secondly,  when  the  pipes  d,  d,  are  put  in  communica- 
tion with  the  traction-tube,  to  be  exhausted,  and  the  pipes, 
p,  p,  in  communication  with  the  reservoir,  previously  ex- 
hausteid,  the  air  from  the  traction-tube  cannot  pass 
through  the  lower  inlet- valve,  f,  which  is  held  shut  by  its 
rod,  G,  and  levers,  k,  k,  but  will  enter  into  the  upper  part 
of  the  cylinder,  a,  a,  by  the  upper  inlet-valve^  f,  which  is 
represented  open;  the  air. from  the  upper  part  of  the 
cylinder  cannot  open  the.  upper  outlet-valve,  F^  which  is 
held  down  by  the  rod,  g',  and  the  levers,  k',  jl\  but  the 
lower  outlet-valve  being  open,  the  lower  part  of  the  cylin- 
der will  be  exhausted  to  the  same  degree  as  the  reservoir; 
therefore  the  air  from  the  traction-tube,  pressing  upon  the 
piston,  will  cause  it  to  descend,  thus  developing  consider- 
able power  in  aid  of  that  of  the  steam-engine  with  whicb 
the  pump  is  connected.  When  the  piston  descends  to 
the  bottom  of  the  pump-cylinder,  the  lower  outlet- valve  is 
shut  by  the  gearing,  the  stroke  of  the  pump  is  then 
changed,  the  power. to  pass  the  centre  being  supplied  by 
the  fly-wheel,  or  by  the  steam-engine,  the  upper  inlet- 
valve  is  immediately  afterwards  shut,  and  the  lower  inlet- 
valve  opened  simultaneously,  the  upper  outlet-valve  is  then 
released,  the  air  from  the  main  enters  by  the  lower  inlet- 
valve,  and  the  air  from  the  upper  part  of  the  cylinder 
passes  into  the  reservoir,  and  another  stroke  of  the  pump 
is  made,  and  so  on,  the  pump  acting  in  aid  of  the  engine 
until  the  air  in  the  reservoir  becomes  nearly  of  the  same 
density  as  that  in  the  traction-tube,  after  which  the  pump 
will  require  power  from  the  engine,  but  will  require  less 
power  from  it  in  pumping  from  the  traction-tube  into  the 
reservoir  than  into  the  air,  by  so  much  as  the  air  in  the 
reservoir  is  less  dense  than  the  atmosphere.  It  must  also 
be  observed,  that  in  order  that  the  air  from  the  traction- 
tube  may  not  at  any  part  of  the  stroke  of  the  pump  be 
enabled  to  enter  the  inlet- valve  and  pass  out  of  the  outlet- 
valve  at  the  same  end  of  the  cylinder,  without  actuating 
the  piston,  the  gearing  of  the  outlet-valves  must  be  uioved 
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at  different  times,  as  regards  each  other,  and  also  as  re- 
gards the  inlet-valves,  which  will  be  found  to  be  effected 
by  the  eccentrics,  delineated  in  figs.  2  and  3,  in  sheet 
No.  III.,  the  longer  arc  in  which  must  be  set  so  as  to  cor- 
respond with  the  time  during  which  its  respective  outlet- 
valve  must  be  kept  closed,  and  the  shorter  segment  with 
the  time  such  outlet-valve  may  be  permitted  to  open. 

In  order  to  make  the  power  given  out  by  the  lastly- 
described  pump  more  fully  available,  I  combine  it  with 
one  or  more  other  pumps,  so  that  during  the  exhaustion 
of  the  traction-tube,  pumps  of  a  larger  capacity  may  be 
worked  than  the  power  of  the  steam-engine,  or  other 
motive,  power  employed,  would  suffice  for:  one  of  such 
combinations  is  shown  in  sheets  No.  lY.  and  No.  V.,  of 
which  sheets  No.  IV.  is  a  partial  elevation,'  .and  sheet 
No.  V.  a  ground  plan,  the  letters  and  figures  upon  which 
indicate  similar  parts,  so.  far  as  the  like  parts  are  de- 
lineated in  each  plan,  a,  represents  an  air-pump  con- 
structed as  lastly  hereinbefore  described,  and  of  such  size 
as  to  be  worked  with  facility  by  the  steam-engine,  the 
cylinder  of  which  is  shown  at  c.  b,  is  another  air-pump, 
of  similar  construction  to  a.  The  pump,  b^  should  be  so 
much  larger  than  a,  that  a,  and  b,  shall  together  be  suf- 
ficient to  produce  the  required  exhaustion  of  the  traction- 
tube  according  to  the  speed  desired  to  be  given  to  a  train, 
or  the  rate  at  which  it  is  desired  to  exhaust  the  traction- 
tube.  D,  D,  represents  the  main  shafl  of  the  engine,  of 
which,  d',  is  a  continuation  capable  of  being  put  into 
connexion  with  it  by  the  clutch,  £,  and  also  of  being  dis- 
connected whilst  the  engine  is  in  motion,  f,  is  the  fly- 
wheel. G,  the  crank  working  the  pump,  a.  h,  the  crank 
working  the  pump,  b.  i,  and  i%  are  the  pipes  in  con- 
nexion with  the  inlet-valves  of  the  pumps,  k,  a  pipe 
leading  from  the  inlet-pipe,  i,  of  the  pump,  a,  to  the  under 
part  of  the  double  way-cock,  l,  and  communicating  either 
with  pipe,  M,  or  the  pipe,  p,  as  may  be  required. 

The  double  way-cocks,  l,  and  s,  are  similar  to  the  four 
way-cocks,  q,  and  r,  which  are  represented  in  elevation 
on  the  upper  part  of  the  sheet  No.  V,  and  are  constructed 
with  hollow  plugs,  or  stoppers,  open  at  the  bottom,  and 
having  an  aperture  at  one  side  of  the  plug,  that  a  large 
air  way  may  be  given  with  a  moderate-sized  cock;  the 
upper  parts  of  the  cocks  are  rendered  practically  air  tight 
by  stuffing-boxes ;  a  rod,  adjustable  by  a  screw,  passes  air 
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tight  through  the  plug  of  each  cock,  so  that  by  bearing 
upon  a  plate  at  the  bottom  of  the  cock,  and  supporting 
the  greater  part  of  the  weight  of  the  plug,  or  stopper,  the 
latter  may  be  turned  by  a  moderate  power  applied  by  the 
engine-driver  at  the  capstan-formed-top,  or  by  other  suit- 
able means.  By  the  cocks,  o,  and  r,  a  communication 
may  be  made  between  the  pipe  entering  the  bottom  of  the 
cock  and  any  one  of  the  four  ways,  m,  m,  is  a  pipe  in 
connexion  with  the  main,  or  traction-tube,  n,  is  a  pipe 
leading  from  the  pipe,  o,  in  connexion  with  the  outlet- 
valves  of  the  pump,  a,  to  the  under  part  of  the  double 
way-cock,  s,  and  so  communicating  either  with  the  pipe, 
p,  or  the  atmosphere  through  the  aperture,  v.  p,  is  a 
pipe  leading  from  the  cocks,  l,  and  s,  to  the  lower  part  of 
cock,  Q.  T^,  and  t^,  are  pipes  leading  from  the  first  of  the 
three  reservoirs  hereinbefore  mentioned,  to  cock,  q,  and 
also  to  cock,  R.  The  pipes,  t',  and  t',  respectively  lead 
in  like  manner  from  the  second  and  third  reservoirs  to 
the  cocks,  q,  and  r.  o',  and  o^  are  pipes  from  the  out- 
let-valves of  the  pump,  b,  to  the  bottom  of  cock,  r. 

The  operation  of  the  lastly  hereinbefore  described 
apparatus  is  as  follows: — The  shafts,  d,  and  d',  being 
disconnected  at  the  clutch,  £,  the  pipe,  k,  being  put  in 
communication  with  the  pipe,  p,  and  also  the  pipe,  n,  with 
the  atmosphere,  through  the  cock,  s,  and  the  aperture,  v, 
the  pipe,  p,  being  also  put  in  communication  with  the 
pipe,  T*,  by  the  cock,  q,  the  air-pump,  a,  being  put  in 
action  by  the  steam-engine,  c,  the  first  reservoir  will 
become  exhausted,  but  such  exhaustion  need  not  be  con- 
tinued to  a  very  high  gauge ;  for  example,  the  first  reser- 
voir may  be  exhausted  until  a  barometer  gauge  attached 
thereto  shows  the  height  of  about  fifteen  inches  of  mercury ; 
by  a  change  of  position  of  the  cock,  o,  the  second  reservoir 
may  then  be  exhausted  to  about  twenty  inches  of  its 
gauge,  and  lastly,  by  a  further  change  of  the  cock,  the 
third  reservoir  may  be  exhausted  to  about  twenty-five 
inches  of  its  gauge.  I  mention  the  gauges  by  way  of 
illustration,  and  not  for  positive  or  even  approximate 
direction;  for  the  gauges  at  which  it  will  be  most  advisable 
to  work  will  evidently  depend  as  well  upon  the  size  of 
the  reservoirs  as  on  a  variety  of  other  contingencies.  The 
reservoirs  being  exhausted,  the  engine  must  be  stopped, 
the  shaft,  d',  and  consequently  the  pump,  b,  put  in  con- 
nexion with  the  engine,  the  cock,  l,  turned  so  as  to  put 


Digitized  by  VjOOQ IC 


in  Exhausting  Air  from  Tubes^  S^c.  11 

the  pipes,  k,  and  m,  into  communication,  and  the  cock,  s, 
turned  so  as  to  put  the  pipes^  n,  and  p,  into  communica- 
tion, and  close  the  aperture,  v,  the  cock,  q,  turned  to  put 
pipe,  p,  in  communication  with  the  atmosphere  through 
the  aperture,  x,  also  the  cock,  R,  must  put  o',  in  commu- 
nication with  Y.  The  signal  being  given  to  exhaust  the 
traction-tube,  the  engine  will  be  again  put  in  motion  and 
both  the  pumps  put  in  action,  the  engine  being  sufficiently 
powerful  to  exhaust  the  tube  to  the  lower  numbers  of  the 
barometer  gauge,  but  will  soon  become  unequal  to  continue 
the  exhaustion,  but  the  cock,  q,  being  turned  one  quarter 
round,  so  as  to  put  p,  in  communication  with  t^,  the  vacuum 
in  the  first  reservoir  will  then  not  only  relieve  the  engine 
of  the  resistance  of  pump,  a,  but  will  aid  in  working 
pump,  B.  Afterwards,  as  the  exhaustion  of  the  traction- 
tube  increases,  and  that  of  the  first  reservoir  decreases,  such 
aid  will  become  insufficient;  the  cock,  r,  may  then  be  moved 
one  quarter  turn,  putting  o',  in  communication  with  the 
first  reservoir;  the  power  of  engine  being  then  in  excess, 
Q,  may  be  turned  back,  connecting  p,  with  the  atmosphere ; 
after  a  few  strokes,  turned  again  to  t*,  afterward  to  t*, 
then  B,  may  be  turned  to  t',  q,  back  to  t^,  again  to  t*, 
and  then  to  t',  when  the  exhaustion  should  be  complete, 
the  train  being  passed^  and  leaving  a  considerable  degree 
of  exhaustion  in  the  third  reservoir  ready  for  any  con- 
tingency, l^he  train  being  passed,  the  exhaustion  of  the 
reservoir,  diminished  by  the  before-described  action,  is  to 
be  restored  by  the  engine  and  pump,  a,  as  hereinbefore 
directed. 

Another  part  of  my  improvements  consists  in  the  con- 
struction of  the  pistons  of  large  air-pumps,  regarding 
which  I  will  remark,  that  the  pistons  of  small  air-pumps 
are  generally  packed  with  leather,  sometimes  with  strong 
leather  cut  or  turned  to  fit  the  cylinder  of  the  pump,  and 
sometimes  with  leather  so  arranged  that  the  leather  forms 
a  cup  or  concavity  in  the  direction  in  which  the  air  would 
tend  to  pass  by  the  piston ;  but  these  methods  do  not  pro- 
vide any  sufficient  adjustment  of  the  leather  packing  after 
it  becomes  worn,  nor  would  such  packings  work  at  all 
times  so  far  air-tight  as  desirable  without  considerable 
friction  being  produced.  To  obviate,  as  far  as  possible, 
these  defects,  and,  at  the  same  time,  to  avoid  the  friction 
and  expense  attendant  on  the  use  of  metallic  pistons,  I 
pack  the  pistons  of  air-pumps  with  leather  cut  into  bands. 
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or  straps^  of  the  breadth  of  about  one-sixth  part  of  the 
diameter  of  the  cylinder  of  the  pump.  I  prefer  leather  of 
ox-hide,  such  as  is  used  for  straps  for  working  machinery. 
Such  bands  are  united  by  sewing,  and  also  with  the  well- 
known  cement  of  isinglass  or  fish-glue  dissolved  in  weak 
spirit,  or  are  united  by  other  suitable  means,  so  as  to  form 
a  continuous  circle  of  about  the  same  diameter  as  the 
pump  cylinder,  but  considerably  conical,  so  as  to  facilitate 
the  bending  hereinafter  mentioned.  The  bands  of  leather, 
after  being  softened  by  water  and  placed  upon  a  block  of 
similar  dize  to  the' piston,  are  then  bent  and  contracted  so 
that  about  one-third  part  of  the  breadth  may  fit  the 
cylinder  and  the  other  two-third  parts  may  be  attached  to 
the  piston,  and  secured  by  plates  of  metal  screwed  to  the 
main  part  of  the  piston,  but  which  screws  being  slightly 
loosened  would  allow  the  leather  to  be  driven  outwards, 
or  towards  the  sides  of  the  cylinder,  after  a  portion  of  the 
said  packing  has  become  worn.  The  shaving  off*  the  hair 
side  of  the  leather  will  much  facilitate  the  forming  it  into 
the  required  shape,  and  also  the  cutting  out  gaps  or 
notches  where  the  screws  or  bolts  will  be  required  to  pass. 
After  the  leathers  are  put  into  the  required  form,  they 
should  be  well  saturated  with  neat's-foot  oil,  or  similar 
unctuous  matter.  The  edge  of  the  leather  band  being 
thus  turned  will  form  a  portion  of  concave  surface  which, 
being  well  supplied  with  oil  or  other  suitable  lubricating 
matter,  will -fit  for  the  cylinder  so  as  to  be  air-tight,  and 
yet  move  with  Very  little  friction.  Although  it  is  well 
known  that  the  leathers  of  the  pistons  of  pumps  con- 
structed in  a  similar  manner  to  that  hereinbefore  described, 
become  the  tighter  the  greater  the  pressure  they  are  ex- 
posed to,  yet  the  packing  of  the  piston  of  a  large  air- 
pump  must  either  be  made  somewhat  more  tight  than 
advantageous,  or  when  the  pressure  of  the  air  on  which  it 
is  acting'is  slight,'  the  air  will  be  liable  to  pass  before  the 
leather-  expands  so  as  to  fit  the  side  of  the  cylinder. 
I  therefore  insert  a  series  of  springs,  formed  by  cutting 
gaps  or  hotphes'in  plates  of  very  thin  steel,  similar  to 
what  is  '  manufactured  for  making  steel  pens,  forming 
the  segments  of  a  circle,  and  then  bending  the  parts 
left  to  a  similar  form  with  relative  portions  of  the 
bands  of  leather  hereinbefore  described,  so  that  the 
springs,  after  being  tempered,  may  be  inserted  between 
the  band  of  leather  and  the  plates  which  fix  it  on  the 
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piston,  the  springs  being  first  rivetted  on  such  plates.  I  con- 
struct and  pack  the  upper  and  under  sides  of  the  piston  in  a 
respectively  similar  manner.  The  construction  and  packing 
of  the  piston  will  be  more  readily  understood  by  the 
drawing  or  plan,  sheet  No.  III.,  figures  7^  £^nd  8,  in  which 
A,  represents  the  main  portion  of  the  piston,  which  may 
be  of  cast  iron;  b,  b,  the  continuous  bands  of  leather  ; 
c,  c,  c,  c,  the  plates  by  which  the  leather  is  fixed  on  the 
piston  by  a  convenient  number  of  screws,  or  screw-bolts, 
rf,  dy  d;  E,  fig.  8,  represents  the  plate  of  thin  steel  after  being 
cut  for  forming  the  springs,  and  f,  the  same  plate  after 
the  springs  have  been  bent  upwards;  such  springs  are 
rivetted  to  the  plates,  c,  c,  and  are  shown  in  position 
at  G,  o,  G  •  The  smaller  plates,  h,  h,  h,  are  removable 
independently  of  the  plates,  c,  c,  c,  c,  in  order  to  permit 
the  insertion  of  a  suitable  bent  tool  or  tools  for  the  pur- 
pose of  forcing  out  the  band  of  leather  when  partly  worn 
BO  as  to  present  a  fresh  surface  to  the  cylinder,  the  space 
left  by  the  leather  being  afterwards  filled  up  with  pieces 
of  wood,  or  other  suitable  material,  so  as  not  to  leave  any 
undue  space  for  air. 

First,  I  claim  the  so  arranging  apparatus  or  gearing 
with  the  valves  of  air-pumps,  as  to  close  the  outlet  valves 
but  not  to  open  them,  the  gearing  leaving  such  valves  at 
liberty  to  open  when  relieved  from  the  pressure  of  the 
air. 

Secondly,  I  claim  the  so  combining  vessels  or  reservoirs 
with  air-pumps  in  working  atmospheric  railways  that  the 
air  may  be  pumped  from  the  traction-tubes  of  atmospheric 
railways  into  partially  exhausted  vessels  or  reservoirs, 
and,  when  desired,  the  pressure  of  the  air  passing  from 
such  traction- tubes  into  such  partially  exhausted  vessels 
or  reservoirs  may  be  used  for  giving  motion  to  air-pumps. 

Thirdly,  I  claim  the  mode  of  packing  pistons  of  air- 
pumps  as  herein  described. — In  witness,  &c. 

William  Sykes  Ward. 

Enrolled  December  24»  1845. 


MaclntOfili,  Printer,  Great  Kew-street,  London. 
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